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BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH IN 
THE DEPARTMENT OF DEFENSE 


THURSDAY, JUNE 4, 1959 


House or REPRESENTATIVES, 
CoMMITTEE ON ScIENCE AND ASTRONAUTICS, 
Washington, D.C. 

The committee met, pursuant to notice, at 10:05 a.m., in room 
B-214, New House Office Building, Hon. Overton Brooks (chairman) 

residing. 

The The meeting will come to order. 

This morning we are privileged to have Dr. Herbert York, Direc- 
tor of Defense Research and Engineering, of the Department of 
Defense. He is a backup witness on DOD, research and development. 

Yesterday afternoon the House approved an appropriation bill that 
had $450 million in it for the advanced research projects and had 
better than a billion dollars for each of the services in the Defense 
Department, making a total] that will run between $31, billion and $4 
billion for research and development. 

I, individually, speaking for myself, was very anxious to be of 
assistance in the event there was any fight in reference to research 
and development. However, it turned out we needed no help there. 
There was no fight on the program in the House. That has passed. 

But I think it wise that this committee know what the research 
and development program of the Defense Department is. 

Therefore, we have the privilege this morning of having Dr. Her- 
bert York. Monday we will have the Assistant Secretary, who in 
spite of his heavy loss will be here. 

This morning, Dr. York has a prepared statement. Doctor, we 
would appreciate it if you would proceed with your prepared 
statement. 


STATEMENT OF DR. HERBERT F. YORK, DIRECTOR, DEFENSE 
RESEARCH AND ENGINEERING, DEPARTMENT OF DEFENSE 


Dr. York. Thank you, Mr. Chairman. 

Mr. Chairman and members of the committee, I am pleased to 
appear again before this committee and discuss the Department of 
Defense research and engineering program and the procedures used 
in its management. 

As principal adviser to the Secretary of Defense for all research 
and engineering matters, it is my responsibility to see that this Nation 
has a Jefense research and engineering program superior to that of 


any other nation. In this position I supervise the research and engi- 
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neering programs of the Army, Navy, Air Force, and the Advanced 
Research Projects Agency. 

This does not mean that I personally conduct and manage their 
programs in minute detail. If there are any differences among any 
of the departments of ARPA, or if there is a conflict of views on the 
direction of any major program or policy decision, then, as his prin. 
cipal research and engineering adviser, I am consulted before a final 
decision is made. There are approximately 2,000 projects, backed up 
by tens of thousands of tasks and subtasks. The annual cost for this 
research and engineering program is approaching $6 billion. 

During the course of managing this sta program there are bound 
to be honest differences of opinion. Ina programas vital and dynamic 
as research and engineering, in which we have the extremely capabie 
and well-qualified program managers that we do have in the milita 
departments and ARPA, one can expect keen competition and a hig 
degree of enthusiasm. 

Our job in the Office of the Secretary of Defense is to see to it that 
the competition between the military services is kept within reasonable 
bounds and that only the most promising development programs ar 
permitted to go into the costly production phase. 

Admittedly, it is difficult to exercise selectivity in the research and 
early development stages. Fortunately, these phases are the least 
expensive, since these projects, even if continued and canceled later, 
do not involve major sums of money and invariably add to the stor 
of knowledge which may be of benefit to other programs. However, 
major decisions must be made in the costly advanced development and 
early production phases, where a single item may not only involve an 
outlay of many millions of dollars but also may have a pronounced 
effect not only on military strategy but on the civilian economy as well, 

Therefore, it is highly essential that our resources not be dissipated 
by the pursuit of programs which do not offer real promise of payoff. 
Thus, the highest degree of selectivity must be exercised in reaching 


major weapons systems. The Weapons Systems Evaluation Group, 


be of major assistance in helping to arrive at these decisions. 
My office has been and will continue to be engaged in the review of 

the proposed fiscal year 1960 research, development, test, and engi- 

neering program so that by the time the military departments and the 


quests and the supporting program data therefor we will be in the 
position either to approve, ances, or modify these programs and 
projects in accordance with the authority delegated to me by the 
Secretary of Defense. 

To conduct the review of the research, development, test, and engi- 
neering program we have a staff at the present time of 116 professional 


professionals, 18 are military officers who have backgrounds in research 
and engineering as well as operational experience who are most useful 


amounts to an almost continuous review throughout each year. 
As a basis for our review responsibility, we regularly obtain from 
the military departments and other Defense agencies program infor 


decisions to continue or discontinue the development of some of the : 


which is under the administrative direction of my office, will, of course, _ 


Advanced Research Projects Agency submit their apportionment re- ; 
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personnel who have engineering and scientific backgrounds. Of these : 


and competent. Of all major programs, my staff conducts what, 
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mation which indicates the purpose and funding of each program or 
roject. Basically, these program data are received at two points in 
time in each budget cycle. 

For example, the program information in support of the budget 
estimates are received in the early fall of each year and the supporting 
ahem information for apportionment requests are received nor- 
mally in June of each year. 

These two submissions of program information represent the formal 

resentations to my office of the proposed programs of the military 
Fepartments. In addition to reviewing the program data thus sub- 
mitted, my staff carries on almost constant communication with their 
opposite numbers in the military departments who know the most 
set specific programs and projects; they make visits to military in- 
stallations such as test ranges, proving grounds and laboratories to 
observe the work going on at firsthand and also visit the plants of 
defense contractors who are performing research and engineering 
work for the DOD. 

These are the principal ways in which my staff keeps abreast of what 
is going on in the research and development area which enables them 
to recommend to me whether a program or project should be approved, 
disapproved, or modified or whether we need to initiate a program to 
fill a gap. Of course, my staff maintains a very close working rela- 
tionship with the staff of the Assistant Secretary of Defense, Comp- 
troller, and with representatives of the Bureau of the Budget. 

I would like now to turn to a discussion of the fiscal year 1960 re- 
search, development, test, and engineering program. Since Mr. Mc- 
Neil will go into greater detail on the changes leading to the establish- 
ment of the new research, development, test, and engineering appro- 
priation title, I will confine my comments to the nature of the pro- 
grams under each of the budget classifications. 

Military sciences: This activity includes basic research in the physi- 
cal and life sciences, generally supporting research of military impor- 
tance, operations research, and the development of new materials, com- 
ponents, and techniques. This includes Army programs in chemical, 
biological and medical research; research in fuels, materials, and pro- 
pellants; food research, environmental research, and studies; elec- 
tronics research; personnel research; operations research; and logis- 
tics studies. 

Navy programs include research in a wide variety of the scientific 
disciplines, with particular emphasis on physics; operations research ; 
research in training techniques; medical research ; electronics research ; 
and various programs for fuels, materials, and propellants. 

The Air Force is the largest and includes such additional items as 
systems planning studies; considerable effort on flight medicine and 
related environmental studies; the operations and logistics studies con- 
ducted by Rand: and the technical information exchange represented 
by ASTIA. The advanced research work of ARPA in the field of 
propellants and other work related to space programs and the research 
and testing programs of DASA are also included under this activity. 
I just might interpolate, DASA means the Defense Atomic Support 
Agency and is the new name for what we used to call AFSWAP, the 
Armed Forces Special Weapons Project. It is the group that runs 
the nuclear weapons tests and the weapons effects experiments. 
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Aircraft and related equipment: This activity includes work on air. 
frames, engines, armament, and communications, navigation, bomb. 


ing, fire control, and other installed equipment. Major programs in. 


cluded for the Army are vertical and short-takeoff aircraft, including 
an aerial jeep, and related engine programs. 

The Navy has programs on new ASW and fleet air defense aircraft; 
airborne ASW detecting equipment; aircraft escape and survival de. 
vices ; and specific programs in aircraft materials components and test. 
ing. 

The Air Force has such programs as the X-15 hypersonic research 
aircraft; the B-70, F—108, the boost-glide Dynasoar, and major com. 
ponent work on the aircraft nuclear propulsion program. 

Missiles and related equipment: This activity includes strategic, 
tactical, air defense, and special purpose missiles, test vehicles and re. 
lated equipment. Specific items covered include the Army’s tactical 
Pershing and Sergeant missiles; the surface-to-air Hawk; and the 
antimissile system Nike-Zeus. 

The Navy has the solid propellant, submarine-launched Polaris; the 
bi ar and the Eagle air defense missiles; and the Corvus tactical 
missile. 

The Air Force has the liquid propellant ICBM’s Atlas and Titan 
and the solid propellant Minuteman; the air-launched Hound Dog 
missile; the surface-to-air Bomarc; and the air-to-air Falcon. 


Military astronautics and related equipment: This activity pro 


vides for the conduct of programs in space technology for milit 
purposes and the investigation of specific applications of space vehi- 
cles. The Advanced Research Projects Agency is the press sponsor 
of these programs and on specific assignment by the Secretary of 
Defense is conducting work on space projects of military interest, 
such as reconnaissance, communications, navigation, and early warn- 
ing of ballistic missile attack. 

Sie and small craft and related equipment: This activity pro- 
vides for programs in the ships and small craft area. In the Navy this 
activity does not cover the procurement of ships but includes work on 
advanced engines and propulsion machinery; communications, data 
systems, detection, countermeasures, and other shipboard electronic 

uipment; catapults; arresting gear and other installed equipment. 
The Army has a very small program concerned with marine craft for 
transport, reconnaissance, and assault use. 

Ordnance, combat vehicles, and related equipment: This activity 


includes a wide range of weapons, ammunition, vehicles, and related | 


items. The Army has the largest program, which includes the air- 


borne assault. weapon for reconnaissance and related missions, the | 


T-195 and T-196 self-propelled amphibious howitzers, Pentomic as- 
sault weapon (Shillelagh) as the main battle tank, and air-transport- 
able armored multipurpose vehicle family, Gores-type trucks, the 
Vigilante light AA weapon system, Little John rocket system, Davy 


Crockett battle group weapons, numerous small arms and ammunition ' 


improvements, and various CW and BW munitions deveiopments. 

The Navy program emphasizes antisubmarine weapons and in- 
cludes mines, depth charges, torpedoes, bombs, rockets, and related 
items such as Asroc, Subroc, and Astor. Specialized weapons and 
support vehicles for the Marine Corps are also provided. 
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The Air Force program is concerned with munitions, includin 
rockets, bombs, an specific significant weapons such as an improv 
Genie air-to-air atomic rocket. 

Other equipment: This activity includes a wide variety of equip- 
ment not specifically identified with the other activities discussed. 
Army programs include telecommunications equipments, radio com- 
munications equipments, electronic countermeasures, combat surveil- 
lance equipments, materials handling equipment, clothing and shel- 
ters, food and container items, construction machinery, mine detectors, 
bridges, mapping and geodetic equipment, and nuclear powerplants. 

Navy programs include navigation, detection, and warning equip- 
ment; harbor defense equipment ; shore-based antisubmarine and mine 
countermeasures systems; clothing and oxygen a and photo- 

phic equipment. The Air Force program includes the work at 
Fincoln Laboratories in air-defense equipments, data-handling equip- 
ment, aircraft control and warning equipment, various photographic 
equipments, and the Air Force communications system. The equip- 
ment developments of the National Security Agency are also included 
under this activity. 

Programwide management and support: This activity provides for 
the operation, management, and maintenance of research and engi- 
neering facilities of the Army, Navy, Air Force, and ARPA which 
are not distributed directly to the other budget activities. This in- 
cludes administrative and staff services, maintenance and upkeep of 
buildings and grounds, utilities, maintenance of administrative se 
ment, supply services, and other installationwide services not di- 
rectly chargeable to specific projects or programs. 

In addition to the above programs, I have responsibility for the 
separately identified items of a development, test, and evaluation na- 
ture, still carried in the procurement appropriations by the Navy 
and the Air Force. These programs involve a total of $1.8 billion 
for fiscal year 1960. Some of the major items thus supported by the 
Navy are the Polaris, Corvus, and Eagle missiles, aircraft engines, 
certain ordnance items, combat vehicles, and related equipment. 

Navy separately identified items amount to almost $282 million. In 
its separately identified account amounting to $1.6 billion, the Air 
Force is supporting such items as the B—70, F-108, B-59, and early 
warning aircraft, plus such missiles as the Titan, Atlas, Minuteman, 
and Bomare. 

I would like to state that the DOD research and engineering effort 
is closely coordinated with the other research programs of the Fed- 
eral Government wherever appropriate. We work closely with the 
Atomic Energy Commission on all research, engineering, and testing 
concerned with application of atomic energy to military uses. 

There is constant liaison and coordination with the Department of 
State in the mutual weapons development program and applicable 
NATO activities. We have a close working relationship with the 
Federal Aviation Agency on research and development pertaining to 
communications systems related to air navigation. There is close co- 
ordination between the medical research programs of the Department 
of Health, Education, and Welfare and the Department of Defense. 

The National Bureau of Standards is involved in our triservice free- 
radicals program and our propagation of electromagnetic radiation 
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nue Constant liaison is maintained with the Bureau of Ming 
asic research on explosives. 

The Department of Defense and the Department of Interior haya. 
worked together in the saline water program. The Coast Guard uti. 
lizes a good portion of the developments of the Navy and Air Forg 
in basic aircraft equipment. We are working with the Office of Ciyi] 
and Defense Mobilization on basic fire research problems and the cop. 
servation of materials programs. 

The Department of Defense is interested in the Maritime Adminis. 
tration programs of transportation and logistics, including cargo. 
handling research. Almost al] areas of basic research conducted by 
the National Science Foundation are of interest to the Department of 
Defense, and the DOD has participated in many studies and programs 
conducted by the National Science Foundation, including, of cours, 
the International Geophysical Year program. 

There are many others, but I have tried to present only a few exam. 
ples here to give you an idea of the many relationships that the DOD 
maintains with other agencies of the Federal Government in the rm 
search and engineering endeavors. 

These other Government agencies are doing or sponsoring work 
which relates in varying degrees to the defense effort. Private indus. 
try is also spending increased sums for research and engineering in 
many fields where the results can be used for military as well as for 
civilian purposes. 

I believe that all of these efforts add to a very substantial program 
of research and engineering for the Department of Defense and the 
Nation as well. I believe, further, that the program planned for fiscal | 
year 1960 by the Department of Defense will provide the diversific. | 
tion and depth required to meet the needs of our military forces, 

This concludes my prepared statement. I will be pleased to discus 
any of the points which you desire to raise. 

The Cuarrman. Doctor, that is an excellent statement. It is very, 
very comprehensive. In fact, even though it is 10 pages in length, you 
have just simply hit the very high points there without discussing any | 
particular point of the program because it is so varied and so vast. 

I notice here on page 1 that you say the annual cost for this research 
and engineering program is about $6 billion. 

Dr. Yorx. Approaching 6, sir. 

The CHatmrMan. Yesterday, in the defense bill we had only about 
$314 billion. 
Dr. Yorx. Yes. The difference between those two figures, sir, i 
that the research, development, test, and evaluation line item in the | 
budget is about $3.6 or $3.7 billion In addition, there is about $14 
billion in the procurement and production appropriation which i 
separately identified as in support of research and engineering. Th | 


two together come to $5.6 billion, which we rounded off by saying ° 


“approaching $6 billion.” 
e CuarrmMAN. The program is really $5.6 billion for research ant 
development ? 
Dr. Yorx. Yes. Sometimes it is hard to draw the line betwee 
what is research and development and engineering and what is pe | 
curement. So it gets to be a little fuzzy sometimes, but $5.6 billion 
is the total of the research, development, test, and evaluation effort, 
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Jus the separately identified items in the procurement and produc- 
tion appropriation. 

The CuatrMAN. How much of the program is not under ARPA 
from the Defense Department 

Dr. York. Very little is under ARPA. 

The CuarirMAN. What about the defense program? Is it all under 

PA? 
»~ York. No, sir; relatively little is under ARPA, $455 million 
out of $5.6 billion, or about 8 percent. 

The Cuamman. I refer particularly to the Defense Department. 

Dr. York. Yes, sir. Oh, as opposed to the services, sir? 

The Cuairman. That’s right. 

Dr. Yorx. Then, it is practically all ARPA. 

The Cuarrman. The Defense Department is practically all ARPA ? 

Dr. Yor«. Practically all ARPA in the OSD line item, other than 
ARPA’s $455 million, other items total—I am not quite sure what, but 
$2 or $3 million. i 

The Cuarrman. What liaison do you have or what cooperation 
do you have with the Departments of the Air Force, Navy, and 
Army 

Dr. York. What liaison does my office have with these ? 

The Cuairman. Yes. 

Dr. York. Constant liaison at all levels because the total program 
of the departments and ARPA all comes under the general super- 
vision of my office. 

The Cuarrman. It isa unified research program in a way ? 

Dr. York. Yes. 

The CuarrMAN. Although a large part is being done by the de- 
partments themselves rather than the Defense Department ? 

Dr. York. The great bulk by the geen a departments and ARPA, 

The Cuarrman. Are you entirely satisfied with the adequacy of 
the research and engineering programs within DOD and all of the 
armed services ? 

Dr. York. Yes. The simple answer is “Yes,” but it is a qualified 
“Yes.” We are working as hard as we can—that is, all of us, both 
the people in my office and in the services—to make it better. So the 
answer is “Yes,” but we are trying to do better. 

The Cuarrman. In your opinion are there any serious inadequa- 
cies in the current or the long-term funding? If so, what are they ? 

Dr. Yorx. No; I don’t think there are any serious inadequacies. 
As we go atone we are always finding things which we think ought 
to be increased, but we also find things about which we have con- 
siderable doubt and think might be correspondingly decreased. 

So as far as the total is concerned, we are pretty well satisfied. It 
rt within the total that we are devoting our efforts to try and improve 

ngs. 

The Cuarrman. Are you satisfied with the aims and the content of 
the program ? 

Dr. York. There again, yes, with the qualification that it is the 
question of what is the proper balance that is one of the major ques- 
tions to which we are devoting ourselves. We think it is pretty good, 
but we are trying to get a better optimum. I am sure we will never 
actually achieve that. It will always be a continuous effort. 
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The CHarrman. Are you satisfied the right technical approaches 
have been adopted ? 

Dr. York. Yes; with the same qualifications. By and large yes 
but we are working amongst ourselves in our office and with the sery. 
ices trying to find better ones. 

The CHamrman. Have you eliminated the duplications in the pro. 
gram? Have you had time to do that? 

Dr. York. I am sure we haven’t eliminated all of them. We ar 
making headway on it. This, of course, is a difficult question. We 
are trying to eliminate unnecessary duplication and not just duplica- 
tion flatly. In the basic research programs we don’t particularly try 
to eliminate duplication. In the systems development programs we 
try to eliminate every bit of duplication because that is where the 
big money is involved. 

As you go through the middle, it is sort of a mixed situation. 

With regard to basic research, the question is not whether two peo- 
ple are doing the same thing; it is whether the people that you have 
working are competent to do what they are trying to do. 

The Cuamman. The basic research you refer to is pure science ther 
which is not expensive as such and forms the beginning of your pre | 

ram just like the alphabet forms the beginning 4 the English | 
anguage. | 

Dr. Yor. Yes. The pure science that we do today is what a large | 
pees of our development program 5 and 10 years from now will b 

ased on. We really don’t know what that 1s. The purpose of the | 
research program is to find out. 

The Cuartrman. I notice somewhere that the Secretary is work 
ing out a formula, or a definite decisive program, in reference to the 
missiles. Of course, that is the acute point of the program now. He 
is going to make a decision within a limited time—the next 2 weeks— 
isn’t he? 

Dr. York. That is my understanding, sir. 

The Cuarrman. I supose that decision will be made public. 

Dr. Yors. Yes, sir. My understanding is that this is with par 
ticular reference to air defense missiles, and I believe the Secretary 
or the Deputy Secretary will be reporting to the Senate Military 
Construction Subcommittee of the Senate Armed Services Committe, 
and also to the House Appropriations and Armed Services Commit 
tees. 

The Cuarrman. His decision undoubtedly will be based upon what 
he thinks of the capabilities of certain missiles as defensive weapor, 
and the progress that he expects to make in the research and develop 
ment program on those missiles. Isn’t that right? 

De Vern. That is a large part of it. The capability on the one hani 
and the need and usefulness on the other hand, which are not preci 
the same. He has to consider both of those. 

The Cuarrman. I think this committee would be interested very, 
much in his decisions. Of course, the whole country would be, but 
especially us, from the scientific viewpoint. 

Mr. Miller, do you have some questions? 

Mr. Mier. No. I am always glad to see Dr. York here. 

The Cuarrman. Heisa grand man. 

Dr. Yorx. Thank you, sir. 
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The CHairMAN. Mr. Fulton. 

Mr. Fuuron. I am always glad to see you, Dr. York. Just by way 
of comment, what do you think about the monkey Able who could 
stand the rigors of outer space but was not able to stand the monkey- 
ing around of science when she got back? 

Dr. York. I think that is a great misfortune, sir. 

Mr. Fuutron. Maybe the rigors of our science on earth are a bit 
harder than outer space. Could you comment for us on the present 
relative position of the United States as against the Soviets in the 
missile field, in the space vehicle field? You have commented on that 
before. 

Dr. York. Yes. 

Mr. Futron. Has there been any relative change, and if so, in what 
direction ? 

Dr. York. I think the relative change has been favorable to us. 

Mr. Fuuron. In what period ? 

Dr. York. In the last year or so. 

Mr. Fuuron. Are we ahead or behind Russia ? 

Dr. Yorx. Missiles, of course, involve a large number of compo- 
nents. In connection with propulsion it seems likely to me that we 
are still somewhat behind in terms of actual achieved performance. 
My own guess would be, probably we are still somewhat behind in 
terms of reliability of propulsion systems simply because there is 
nothing like experience, and they still have somewhat more total 
experience. 

Mr. Futton. You mean that as to size and not as to specific impulse? 

Dr. Yorx. Yes. I spoke of two things. First of all, the size. I 
think the situation is the same as it was before, that as of today in 
terms of achieved performance, Russian rockets are bigger. The 
biggest engines there are bigger than the biggest engines here. 

econd, with respect to propulsion, they may have a greater re- 
liability simply because reliability in rocket engines is something that 
you achieve through experience, and their total experience in big 
rocket engines, the total number they have launched, is probably 
more. 

In terms of specific impulse, I doubt if they are ahead. It is hard 
to judge, but I suspect perhaps we are ahead. But probably not by 
much. 

Mr. Futron. On guidance and control, as well as instrumentation ? 

Dr. York. On guidance and control, I am much less certain. My 
own belief is that we are probably ahead of them there, but the evi- 
dence—at least the evidence we talk about—is certainly much less 
obvious in that case. 

Tn connection with problems such as reentry, I think it is basically a 
tie, because we know how to do it. I am confident they know how to 
do it. And all you have to do is to be able to do it in that case. May- 
be we understand it better; maybe they understand it better. But it is 
my belief each of us can do it and it doesn’t make much difference. 

With regard to instrumentation in space vehicles, I really don’t 
know. I think that we are probably better off than they are with 
regard to miniaturization and such things as that. On the other 
hand, since they are able to handle bigger payloads, it makes less 
difference. 
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Mr. Fouron. Is the current program proposed for fiscal year 1960 
in the Department of Defense, as well as in NASA, able to leapfr 
Russia and make us even with Russia? Or do we fall behind Russia! 
Dr. York. Fiscal 1960, plus succeeding years—presuming they are 
about the same, or perhaps more—could make us leapfrog Russia. But 
in order to be sure of that, you would have to know more about what 
their program is. There are, in the combined space programs, items 
which wil take us well beyond where the Russians are today. What 
they will be doing at the same time, I am not sure of. But the pro- 
grams as set up are such that we will in a few years be well beyond 
where they are today. 

My own guess is that we will in fact be beyond where they are ina 
few years, but that is hard to say. 

Mr. Futron. As to the Junik shot announced by the Russians on 
January 2, 1959, sometimes called Mechta, do you believe that shot 
was made? 

Dr. Yorx. Sure. 

Mr. Furtron. Would you give your comments on it ? 

Dr. York. My comments are that I am sure it happened. I dont 
have any doubt that they did what they said they did. It was an 
cunnaiition achievement. It was a large payload sent completely 
free of the earth’s gravitation field, and indicates once again that they 
have very large and efficient propulsion systems. 

As far as guidance goes, it does not indicate anything very sub 
stantial about the relative state of the art on guidance in the Soviet 
Union and here. 

Mr, Furron. Would you give us the relationship between your 
office and that of ARPA, and the office that has been occupied by 
Dr. Killian, the President’s adviser ? 

Dr. York. Those are two quite different relationships. The rela- 

tionship to ARPA has been described best by the Secretary of Defense, 
I can paraphrase his remarks the way he has said it: This is the wa 
we work—that ARPA, as far as we are concerned, is parallel wi 
one of the military departments. There are four agencies in the 
Department of Defense not counting minor ones, which do directly 
sponsor research and development—the Army, Navy, Air Force, and 
ARPA. 
The Secretary of Defense has the job of running the whole shov, 
the services and ARPA—and has delegated to me, in consonance with 
last year’s Reorganization Act, the authority for supervising all re 
search and engineering in the department. So my relationship to 
ARPA is the same as my relationship with the research branches or | 
divisions of the Army, Navy, and Air Force. 

In other words, I am delegated the authority to supervise the ARPA 
programs, and all others in the Department of Defense, in the name _ 
of the Secretary. 

Mr. Fuuron. So that, as a conclusion, ARPA then has no direct . 
relationship with Dr. Killian’s office of Scientific Adviser to the | 
President. It goes through you. 

Dr. Yorx. That’s correct. But then I don’t have an executive con- | 
nection with Dr. Killian’s office either. Dr. Killian is the Assistant 
to the President for Science and Technology, and Chairman of the | 
President’s Science Advisory Committee, and also Chairman of the 
Federal Council on Science and Technology. 
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These are advisory committees, advisory to the President. 

Mr. Fuuron. Do yes go directly, or do you have to go through the 
Joint Chiefs of Staff or one of these committees? That is what I am 
trying to get at. What kind of access do have? 

Dr. York. To the Secretary and the Deputy Secretary of Defense, 
I have direct access. 

Mr. Futon. How about to the President’s Scientific Adviser? 
How do you do that ¢ 

Dr. York. I was a member of that Committee before I took my 

resent post, and I still am a consultant to the Committee. I have 

irect access. I know the people very well and they know me. But 
that is not a line of command. 

Mr. Futton. So you don’t need to go through the Under Secretary 
of Defense or the Deputy Secretary of Defense nor the Secretary of 
Defense, nor the Joint Chiefs of Staff to get to the President’s Scien- 
tific Adviser ? 

Dr. York. No, sir. The President’s Scientific Adviser has also these 


two other functions I mentioned. He is Chairman of the President’s 


Science Advisory Committee and Chairman of the Federal Council 
for Science and Technology. I am the Defense member of the Federal 
Council for Science and Technology. 

Mr. Futton. Would you say that the present administrative setup in 
the executive department is working satisfactorily in the research 
and development field, or should there be a reorganization? I under- 
stand there is one already in progress in the Navy, isn’t there ? 

Dr. York. The Navy is making some internal changes. With 

t to its being satisfactory, and should there be a reorganization, 
I think those are two questions, too. There are some awkwardnesses 
and sharp corners in it, but these are because there are so many new 
groups recently created that we haven’t yet developed a completely 
smooth method of operating. 

So that it is not entirely satisfactory; but I think it is headed in 
the right direction. 

With regard to reorganization—overall reorganization—I, myself, 
am quite against it because we have just had reorganization, and I 
would like to give these present new setups a chance to work and 
show up what the real problems are rather than have any discussion 
or plans for reorganization based solely on the difficulties that always 
come about when you have new groups. 

Mr. Fuuron. + 0m there adequate funding appropriations in the 
current fiscal year coming up for basic research under the Department 
of Defense and the various defense agencies ? 

Dr. Yorx. I think so. We are planning on augmenting basic re- 
search, both basic research more or less across the board, and also one 
rather specific item of basic and applied research in the field of ma- 
terials. Considering what we are doing and what plans we are form- 
ing for augmenting this work, I think that it is adequate, at least 

or 1960. 

Whether 1961 will properly need more or not, I am not prepared 
to say. 

Mr. Fuuron. Is there not a requirement that there be a justification 
for a particular weapons system ? 

Dr. York. In connection with basic research ? 
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No, and there never has been—not that I am aware of. 

Mr. Futron. I thought there had been. That is one of the dif. 
ficulties on a research and development of a basic nature in the Depart. 
ment of Defense—that it had to be shown ultimately as leading toward | 
a weapons system. 

Dr. York. Basic research, no. Certain development programs, ad. | 
vanced development, or exploratory development—there has been that _ 
problem. Right at the present time I don’t think it exists. Whether 
it will come back again someday, I don’t know. But right now if we 
come across a good advanced development—this is different from basic 
research—that looks to us as though it has reasonable promise of ulti. 
mate use, even though we don’t know what it is, we will go ahead 
with it if we judge we should. 

Mr. Fouuron. ™ conclusion, might I ask you about these advertise. 
ments of these large companies and the research electronics space field 
that are appearing in all the newspapers. They seem to be competing 
with each other, offering more and more to scientists on basically 
Government work. 

Is that competition for scientists and the increasing obviously | 
of the amounts that are offered to them because you had a large in. | 
sre “A expense in the Department of Defense in your particular | 
end of it? 

Is this thing just building up on itself to where they are competing, 
competing, competing for a less and less adequate supply of particular | 
types of scientists so that the taxpayers and the Government through 
these various contracts that are being put out are really competing | 
against ourselves ? 

Dr. Yor. There is a lot of that. It does constitute a problem, 
But I think maybe in our society it is a short-term problem. In the | 
long term this may just be the workings of the law of supply and 
demand that will result in there being more scientists, or enough 
an Coy and engineers at some later time. In the short term it isa 

roblem. 
: Mr. Futron. Does it substantially increase the costs through this 
method of tremendous advertising? Obviously somebody is _pay- 
ing for those full-page ads as well as paying for the competing a | 
these various people, companies, to offer more and more. 

Dr. Yorx. It probably does add somewhat to the costs, although 
not as much as you might at first suppose simply because the salaries 
of top scientists and engineers are not a very large percentage of the | 
total cost of a development program. 

Mr. Furron. Would you recommend as a parallel case that we 
permit the U.S. postmasters to compete among each other in the 
sale of stamps and the obtaining of mail for their post offices? 

Dr. York. No. But we don’t permit our laboratories to compete 
among each other—the Government laboratories—in this fashion. 
I don’t really know about the post office, sir, but offhand I would be! 
inclined to agree with you. 

Mr. Funron. I wondered whether you wanted it in post offices. 

Dr. York. I don’t think so. 

The CuatrMan. Will the gentleman yield? 

Mr. Fuuton. Yes. 
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Mr. Mitxer. One of the continuous arguments before the Armed 
Services Committee is that scientists and people with technical know- 
how could have better jobs on the outside and they were leaving the 


rvices. 
i York. Yes, I think that is really the worst part of this prob- 
Jem, rather than the increase in cost. It is the fact that the Gov- 
ernment in rearranging its own salary structure and so forth finds it 
not possible to act rapidly enough to keep up with the competition. 
It is the competition of private industry with Government rather 
than amongst itself. 

It is most serious. 

Mr. Miter. It is not new. It has been going on ever since the 
airplane problem started, right after World War II and going to 
jets. You had it where one in Los Angeles offers to bring an engineer 
out at a certain salary, to pay all of his moving expenses, to give 
him so much a day for 30 days until he can settle. He is out there 
for 2 months and another company right next door steps over and 
says, “Here is a hundred dollars a month more,” and he goes with 
them. In the final analysis this is all written into the cost of the 
product. 

Dr. Yorx. That is right, sir. 

Mr. Furron. Why is it that you scientists—both American and 
Russian—always send up women or a girl or a female animal, for 
example, into space? Are they the toughest of the breed, or do they 
scare less, or do they last longer ? 

Why is it both you and the Russians send female dogs and monkeys? 

Dr. York. I don’t happen to know. There may be a good answer 
to that. 

Mr. Mitier. Mr. Fulton is a bachelor, and he doesn’t know about 
these things basically. 

Mr. Fuiron. I don’t know; it seems to be a pattern. When it comes 
tomen, you always send men; but when it comes to animals, you send 
females. Why is that? 

Dr. Yorx. I don’t happen to know. 

The CuarrmMan. Mr. Fulton isa little allergic. 

Mr. Furron. I have an inquiring mind, and it seems to be a pat- 
tern. Both American and Russian scientists continually send up 
these female animals. 

Dr. York. In the animal world they are more tractable than male 
animals. 

Mr. Futtron. Does that hold for humans? 

Dr. York. Idon’t know. That is why I specified animals. 

The Cuairman. Along that line, Doctor, these mice that were sent 
up were male mice, weren't they ? 

Dr. York. I don’t know. 

The Cuarmman. Maybe we are getting away from that idea. 

Dr. York. I don’t know what they were. 

The Cuamman. Is there anything you can tell us at this point with 
reference to that Discoverer ? 

Dr. York. No; Iam not very well informed. All I know is that 
the launch appeared to be quite good. This is on the basis of the 
data faken’ during launch. It was observed at a substantial distance 
47386—59——2 
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down range, something in the thousand-mile range. It simply failed 
to show up. It simply failed to make a whole turn. I don’t at the 
moment know why. My guess would be that either the thrust was 4 
little bit low or that the air was not quite right. 

The guidance didn’t perform quite right, and it dove into the atmos. 
phere at some point. 

The Cuarrman. Have they located where it disappeared ? 

Dr. Yorx. I don’t believe so. 

The Cuarrman. Mr. Anfuso. 

Mr. Anruso. No questions. 

The Cuarrman. Mr. Karth. 

Mr. Kartu. Doctor, for years the American people have been hear. 
ing a great deal about the disagreements between the military. It 
seems to me that at the beginning of this year, yourself and other 
ple from DOD have fairly well convinced the committee that man 
of these past disagreements had been resolved and this thing woulda 
be as bad as it had been. 

Lately it seems that it has been bursting out at the seams again, 


previously. Would you care to comment on that? 
had been previously. My own feeling is that it is not as bad as it 


much aware of it and trying to see what we can do about it. 

Mr. Karr. Are you in favor of putting all of the military under 
one head and combining the various services ? 

Dr. Yorx. I don’t regard myself as having yet enough knowledge 
of the whole problem to be able to answer such a general question, | | 
don’t have an opinion on that. 

Mr. Karru. Is there any feeling on this matter in the Department 
of Defense that you are aware of ? 

Dr. Yor. I think there are probably opinions of all possible 
colors in this particular area. 

Mr. Kartu. You don’t have any program established or in the mak- 
ing on this problem ? 

r. York. With respect to research and engineering which is my 
own responsibility, there is a lot more centralization this year than 
there has been in the past. I think it is good. But it takes quites 
while for changes that take place at the research and development 

hase to make themselves felt in operations, simply because of the time 
it takes to go from research and development through engineering ani 
into operations. 

Mr. Karrn. If you had the same kind of centralization for the 
services themselves, do you feel the result would be about the same 
as it is in research and development ? 

Dr. Yorx. I really don’t know. There certainly are things which 
would be improved, but it is such a complicated problem that I think 
somebody who knows more about it than I do would have to take: 
good look at it to try and make a good guess or a good estimate of 
what the problems are you would buy at the same time. 

So I really don’t know. 

Mr. Karrn. In this field of research and development isn’t it true 
that just recently one of the services suggested the elimination 0 
ARPA? How do you feel about that? 


Certainly, assuming a parallel, probably even worse than it had been | 
Dr. York. I really don’t know whether it is worse or not than it - 


had been. It is still with us, and it is still a problem. We are very | 
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Dr. York. One of the services has, I am aware, suggested that. 

Mr. Kartu. Because it is duplicating. 

Dr. York. My feeling about that was expressed earlier in connec- 
tion with reorganization and that is that right now with so many new 
groups on the scene, I would rather not reorganize anything for the 
time being until things have shaken down a little better, which means 
I don’t know what in calendar time, but perhaps a year before one 
seriously undertakes any new changes. 

Mr.  Speeten You have no definite feelings on the elimination of 
ARPA at this time or the nonelimination ? 

Dr. Yorn. Well, I do have a feeling on the nonelimination just 
because I would like to not see any new reorganizations until we have 
had a chance to see how what we have now got is working. ARPA 
certainly was essential and useful. I think it is still useful, but not 
quite as essential as it was when it was first set up. 

The Cuatmman. Mr. Hechler. 

Mr. Hecuter. I would like to follow out some of the cogent ques- 
tions that my colleague, Mr. Karth, has been asking. Naturally at a 
time when we have to = so many billions on the missile program, 
we are concerned in making the dollars stretch as far as they can. I 
gather your feeling is that you are bound to have a certain amount of 
competition among the services under our so-called unification sys- 
tem, and therefore you feel that probably it is healthy to have that 
competition ? 

Dr. York. To have some competition; yes. But you can have too 
much, too. 

Mr. Hecuter. I am a little disturbed by the lack of aggressiveness 
in the statement which you made at the top of page 2 that competition 
between the military services “should be kept within reasonable 
bounds.” It seems to me you are going to have competition anyway, 
and your position should be a position of leadership where you can 
take an aggressive attitude toward this competition and keep it down 
toan absolute minimum. 

Dr. York. Yes; I don’t agree with that. 

Mr, Hecutrr. It may be just a matter of semantics, but if you pub- 
licly announce you just want to keep it “within reasonable bounds,” 
it seems to give a green light to let the boys go ahead and carry on their 
competitive fights. 

Dr. York. That was not intended, but the point may be well taken, 
sir. 

Mr. Kartu. Would you care to change your testimony at this point ? 

Dr. Yorx. I don’t know whether I would care to change it or not. 
I might think about it. 

Mr. Hecuier. It seems to me the thing that frustrates the Ameri- 
can people the most about our missile program is this very wasteful 
competition among the services. What frustrates them in looking at 
these or Teer particularly when it comes around to income tax 
day, is that they wonder what the military services are doing in order 
to eliminate this senseless competition and duplication ? 

If our leaders in the Department of Defense don’t take a more 
aggressive attitude, I think the people are going to lose confidence in 
our whole missile program. 

Dr. York. In connection with research and gp 
this was a bad choice of words—in fact, in our own office, as Director 
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of Defense Research and Engineering—we are endeavoring to catch 
things early rather than late. We are trying hard to do that. When 
we say this should be kept to a minimum instead of reasonable boun 

I think maybe that is correct that we should say it that way. But that 
is in fact what we are trying to do. 

The programs that have caught the public attention, where there ig 
competition, are those which began in research and engineering 4 or 5 
years ago and are now essentially out of the research and engineeri 
phase. I am speaking now of the Bomarc and the Hercules for ex. 
ample. On those, there is still engineering, but it has to do with the 
fact that the systems exist and modifications needs to be made. 

With respect to programs which are starting, it is a different matter, 
Take the antimissile missile, for example, there is only one anti- 
missile-missile program in development. As long as I am there, J 
think there will be only one. I couldn’t swear to that. I don’t know 
what events will transpire as we go ahead, but we are, I think, grabbing 
hold on this particular problem in its early phases, which is where it is 
easy to grab hold of it, and where in fact it is our assignment to do so, 

Mr. Hecuier. Turning to another point, Dr. York, you mentioned 
with respect to the new organization that there were certain awkward. 
nesses and “sharp corners”—I believe you used that term. I wonder 
t you could specify a little bit more precisely what you meant by 
that ? 

Dr. Yorx. It would be hard to specify very precisely, but what I 
have in mind is that some of the relationships between NASA and 
the Department of Defense are still not worked out. There are plans 
for changes right now in progress with regard to the role of the 
chairman of the Civil-Military Liaison Committee, Mr. Holaday, in 
order to find a way for him to play a greater part in contributing 
to the settlement of some of the problems. 

Project Mercury, for example, is the first big project coming up in 
which it is evident that there is going to have to be a considerable 
coordination between the Department of Defense and NASA. We 
haven’t worked out exactly how to do that yet. We are right in the 
process now of having meetings on the subject. 

In the case of my own office, we are still working out the details 
of just how it is we can or should supervise the total program of the 
Department of Defense. We are still smoothing out or trying to find 
more precise definitions for the problem of when a project should be 
done by ARPA and when it should be done by one of the services. 

I think the “sharp corners,” maybe was not too good a choice of 
words either, but there are a number of fuzzy situations that still 
have to be worked out. 

Mr. Hecuier. We are not experts on fuzziness, but if there is any 
way this committee can be of assistance to you, we stand ready to be 
of such assistance. I have no further questions. 

The CHarrman. Mr. Daddario. 

Mr. Dapparto. Dr. York, you touched on private industry’s partic 
pation in research and engineering. Could they do more than they 
are doing now ? 

Dr. York. That is a hard question to answer. I suppose so. I 


believe they probably could. Whether they can afford to do mor | 


or not is something I am not prepared to say. 
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Mr. Dapvpario. In those fields where they are being given Govern- 
ment aid, could more be done? Is that system being properly worked 
on 

Dr. York. That is an internal problem, because they do what we ask 
them ultimately to do. I am not quite sure I know how to answer 
the question. We are always looking into the matter of whether 
we have a proper balance with a particular program between research 
and engineering. It may be that we should ask them to do a larger 
proportion of research, but they are by and large doing what we ask 
them to do in this matter. 

I mean, it isa Government contract. 

Mr. Dapparro. You hear in many of these places where there is a 
research contract but industry feels it is being too confined, there is 
too much supervision, that they draw the lines too tightly and that 
they are not given the proper opportunity to branch out in research 
as they would do if they were spending their own money. 

Dr. York. Yes, I am sure you can hear that. I am not sure that 
itis true as a general thing. 

Mr. Dappario. You are not certain about that ? 

Dr. York. No, because industry is not the only source of research 
talent. We have our in-house laboratories. We have our nonprofit 
contracts. ‘Taking the total judgment of the people doing the work, 
J mean the services which actually make the contracts, the amount of 
research that is being done in dustry: they feel is the right balance 
in terms of the money they are spending in industry. 

I know there are many industrial groups who don’t agree. In some 
cases I am sure they are right. I am not prepared to say they are 
right as a general thing. 

Mr. Dappario. If we could hit just a moment on one area where a 

rivate industry utilizes some of its own funds sort of mixed in with 
Government contributions and they do come up with something, even 
though the Government contributions may be small in proportion to 
the overall amount spent, they have no proprietary rights at all in the 
ultimate product. This is a product the Government can give to 
somebody else to produce. 

Can something be done in this area as an incentive to have them 
retain proprietary rights ? 

Dr. York. They do retain proprietary rights. You may have some 
particular case in mind where that wasn’t true, but private industry 
does retain proprietary rights to things which it does develop on its 
own. We have a struggle to prevent this from creeping over into the 
work that we sre sponsor—this business of keeping results 
secret so that they can’t be of general use in the defense program. 

They have plenty of proprietary secrets. 

Mr. Dapparro. They have proprietary rights in those things where 
they spend their own money. I am talking about the things where 
there is a mixture of funds where the Government spends some and 
they spend some of their own. 

_Dr. York. They still in general have it. You may have some par- 
ticular cases in mind I may not be aware of, but they still have it in 
the typical case. 

Mr. Dapparro. I do have a couple of cases in mind, and I will get 
them specifically down and be in touch with you on it so that we can 
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get that ironed out, because I do believe this is one of the problems, 
Dr. Yorx. I have no doubt that in something as vast as what 
we are doing there are some cases. We would be very happy to make 


it our business to try and iron these particular ones out. It is nota | 


general rule that a company doesn’t have proprietary rights. The 
rule is the other way around. 

The Cuarrman. Mr. King. 

Mr. Kine. I have a couple of questions, Dr. York. The first one 
is an extension of the question asked by Mr. Daddario. There are now 
before Congress two or three bills which provide in effect that it shal] 
become the policy of this Government in executing contracts for re. 
search and pee with private companies that the Government 
retain a portion of the patent royalties that may accrue to the private 
company pursuant to its experimentation under this Government 
contract. 

I realize that the different Government agencies are not uniform 
now on their patent royalty policy. I understand that the Atomic 
Energy Commission assumes the most rigid point of view on all pos- 
sible points of view. They do keep quite a bit of the royalty interest 
themselves, and there are other agencies that take a very liberal point 
of view and retain little or nothing by way of patent royalties, 

My question to you is whether you would care to comment from 
your point of view as to the efficacy, the propriety, of a law that would 
establish as a rule of law that the Government make it a policy to 
retain a certain percentage, perhaps 50 percent, of all the royalties 
from patents accruing to private companies pursuant to these re- 
search contracts that they sign with the Government ? 

Dr. Yorx. No; I don’t feel qualified to make a comment on that 
at the present time. I would want, before I did, to have an oppor. 
tunity to discuss it with other people in the Department who have 
had more experience with what all of the effects of such a thing would 
be, because I don’t know offhand what the overall effect: would be. 

My primary concern is to get better research and engineering done, 
If that helped it, I would be for it, I am certain. But I don’t know 


whether it would help it or not. I just don’t know and would want 


to have a chance to discuss it with those of my colleagues who would 
know more about it before I would want to say. 

Mr. Kine. Am I not correct, though, that there is no uniform pat- 
tern throughout the various Government agencies ? 

Dr. York. I believe so; yes. 

Mr. Kine. I don’t know what the pattern is in ARPA. Do you 
want to discuss that a minute? 


Dr. York. ARPA doesn’t have a pattern as its own. ARPA uses | 


the military services as its contracting agencies and uses the rules of 
the Department of Defense on that subject. I am not familiar in 
detail with what they are. So, as far as I know, I know of no differ 
ence between ARPA and the services. 


Mr. Kiva. You are not prepared to state now what that: policy is! | 


Dr. York. Not in detail ; no. 
Mr. Kina. May I pursue one other line of inquiry, and this 184 


cluster of questions that all relate to one subject. That is the subject | 


of planning. Who makes the = and the ultimate decisions? So, 
breaking it down, does Dr. Killian—who is stepping out of his 
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ition—but does that position call for actual planning and de- 
cisionmaking or is that purely advisory? And then, moving down the 
scale, your own position, is that planning and decisionmaking or is it 
urely advisory. Then, carrying it a step further, on what level of 
authority is the actual planning made? By “planning,” I have this 
in mind specifically: We have great questions of policy coming up 
as to what we are going to emphasize. For example, this Project 
Mercury. We have been told that if we wanted to make that a crash 
rogram we could accelerate it by many, many months. But, on 
the other hand, if we give it its true perspective in relation to other 
p ns, then it has to take a longer period of time. I realize Mer- 
cury is with NASA: 

Dr. Yorx. Yes. 

Mr. Kine. That is correct, but I am using that for illustrative pur- 

So my question is: On what level are these decisions made 
which ultimately affect the long-range policy of our whole missile 
rogram and then also how is the ARPA planning correlated with the 
KA A planning to make certain that we have one unified set of 
plans rather than conflicting or duplicating or overlapping plans? 

Dr. York. Shall we go back to the beginning ¢ 

Mr. Krna. I have asked you a lot. Maybe you can gather them to- 

her in your answer. 

Dr. York. Do you have notes on it? I would like to touch on—— 

Mr. Kine. I asked first of all about Dr. Killian’s position and your 
position as to whether they are purely advisory or decisionmaking. 

Dr. York. Dr. Killian’s position is advisory. On the other hand, 
when a question about a decision has to go to the President, he may as 
he chooses rely on any adviser, and if it is a technical question, he 
will certainly take Dr. Killian’s advice into account. But it is ad- 
visory. Dr. Killian’s position is advisory. 

My own position is both advisory and authoritative, depending on 
just what the question is. If the question involves a research and 
eigineering program or project, I do, as delegated by the Secretary, 
have the decisionmaking authority. 

If it involves the objective of a program such as should there be an 
antimissile missile in production, this, you see, is not a research pro- 
gram, but now we are talking about the question of deployment or 
operations, then my position is simply advisory to the Secretary. 

The Department of Defense has some thousands of projects under 
way at any one time. In my testimony I said 2,000. It is between 
2,000 and 3,000. These are subdivided into something like some 10,000 
or 15,000 tasks. The decisions on what to do on the great bulk of those 
are made by the agency which is actually carrying out the program. 
This would be the Army, the Navy, the Air Force, or ARPA. 

Our supervisory authority comes in in connection with reviewing 
these at the two times I mentioned, and also continually reviewing 
them during the year. That is, we select out, first of all, at apportion- 
ment time and at budget preparation time we do go over with the 
Secretary and the Comptroller and with the services the whole pro- 
gram. Obviously we don’t consider 10,000 items, item by item. 

_We may consider them in groups where they are small, or we con- 
sider them one by one where they are big or important—where impor- 
tance can mean either that they are very expensive, or that they have 


ems, 
vhat 
nake 
ota 
The 
one 
now 
shall 
r Te- 
ment 
Lvate 
form 7 
romic 
terest 
point 
bs 
from 
icy to 
allties = 
re- 7 
1 that 4 
yp por- 
have 
would 
be. 
done. 
know 
| want 
would 
Jo you 
A uses 
ules of 7 
liar in 
licy is! 
nis is 
subject 
So, 


20 BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 


attracted a great deal of public attention, or there is a field which we 
believe is being underemphasized or possibly overemphasized and 
where we feel it necessary to step in. 

When we do step in, we do have the authority to make decisions; 
and that means actually to take the recommendations of the services 
and ARPA and approve them, modify them, or disapprove them. We 
do this by delegation from the Secretary as he was allowed to make in 
last year’s Reorganization Act. That is where we fit in. 

So we are advisory in some cases and decisionmaking in others, and 
do the planning in others. 

Mr. Kine. Specifically when it comes to selecting different systems 
of weapons, both offensive and defensive, where is the final decision 
made as to which gets the green light and which doesn’t get the green 
light ? 

‘Dr. York. For a weapons system that would be made by the Seere. 
tary himself with the advice of the Joint Chiefs of Staff on the one 
hand and the advice of my office on the other hand, taking into ae- 
count the service recommendations. 

Mr. Kine. Your voice would be very influential in making thos 
decisions, is that correct ? 

Dr. York. For weapons systems, yes. 

Mr. Kine. You being a more technical man, the Secretary would 
rely very heavily on what you told him? 

Dr. York. That is correct. That is the case so far and that is what 
I anticipate the case to be as we go ahead. 

Mr. Kine. That is on weapons systems. As to decisions that are of 
not quite as high order of magnitude, those decisions would be made 
a little lower down ? 

Dr. York. There, if it is a resarch or engineering or development 
program and the decisions have to do with the content of the pro- 
gram or with the initiation of the program, where it is not specifically 
designed to meet a system that the Joint Chiefs of Staff have said 
we have got to have, then the decision is either in my office or in the 
service, depending on whether it is a program that we feel we have 
to get into or not. 

Mercury was outside the Department of Defense. 

The Cuarrman. I want to say before Mr. Hall starts his question- 
ing that the Doctor has consented to give us some figures, but they 
will have to be in executive sesion. So when we finish with this we 
will go into executive session. 

Mr. Hatt. I have only one question, Mr. Chairman. 

The Cuamrman. You take your time, sir. 

Mr. Hatz. Dr. York, are American scientists being adequately pro- 
vided with scientific information developed in foreign countries 
that is, information that is otherwise available ? 

Dr. York. Are they being provided with it? 

Mr. Yes. 

Dr. York. Are they being adequately provided? There is in the 
world today more information than anybody can actually cope with. 
So there is more information than a person can handle, whether you 
gave it to him or not. When it comes to information from abroad, 
there are a number of questions to consider. First of all is whether 
the man can read it in the language that it is written in and whether 
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the documents are available. From most countries the documents are 
available in the United States. 

In some cases they are not available everywhere, but they are avail- 
able in more than one center, including the Soviet Union. 

So the documents by and large are available, sometimes not in 
enough copies. The American scientists don’t have as much facility 
in foreign languages as perhaps they ought to in order to be able to 
read these. I think probably the majority, at least of the better ones, 
the key ones, do have facility in French and German, but hardly ever 
in Russian. There is —— emphasis on the Russian language, 
on just training in the Russian language, which would improve that. 

But they will never all be able to read it so that translation is im- 

rtant. The question is whether there are translations of documents 
available, and I don’t have the figures, but of the principal journals— 
I don’t know quite how to define that—but they would be the ones 
of greatest. circulation, say, if they were oablicad in this country, 
the ones of greatest interest—the principal journals are available in 
translated form. They are translated both by the Government and 
also there are a number of private companies which do translations 
and sell the translations. 

They are rather expensive but they are available to libraries and 
institutions. There is such an enormous number that it isn’t pos- 
sible to translate them all. There are plans under foot for doing more 
in this direction, both in the way of making translations by people 
and making them available, and then of course as you probably know, 
there are development programs designed to produce mechanical 
translating machines. As these make more progress, there will be 
more documents translated. There are abstracting services, but even 
the abstracts, just title lists at the present time, are enormous and 
beyond the physical ability of a person to actually just cope with them 
and read all the titles. 

There is such a mass of work going on that part of the problem 
comes about from just the enormous scope of the work. 

Mr. Hatt. How do we compare in that respect with Russia ? 

Dr. York. I am told they do more in the way of making forei 
documents available amongst their own people than we do, but I don’t 
have any good facts on that. I could probably get them. 

The CuarrMan. Will the gentleman yield? y understand Russia 
has 82 letters in its alphabet as against ours with 26, and that I have 
read somewhere that the IBM machines were being taxed to the very 
capacity to take care of the number of vowels and consonants in the 
Russian language and to bring about automatic translation because 
there are so many variables. 

Dr. York. I don’t happen to know that field technically very well. 
That is no doubt a problem, but I think the major problem has to do 
with what you are probably familiar with in connection with any 
language and that is that a given word just doesn’t translate word 
by word. It tends to have one meaning when it is a technical docu- 
ment and another meaning when it is a social or political document. 

The difficulty with the machines is getting it so that it translates 
and makes sense after it is translated. 

_ The Cuarrman. Each Russian word has about six different end- 
mgs, and each ending has a shade of difference in interpretation and 
In translation. 
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Dr. That’s true. 

Mr. Haut. Do you think we can improve our situation, then, by 
teaching our scientists the Russian language ? 

Dr. Yorx. That would improve it, yes, and we are emphasizi 
that approach. We are examining methods in the Department of De. 
fense for the purpose of providing training to our employees, that js 
our in-house scientists, in the Russian language. There are programs 
where I don’t have the details in mind, Dut could get them, for ex. 
panding the translation capabilities, expanding the information gy. 
change, information centers, and so on. 

Mr. Hatt. That is all, Mr. Chairman. 

The Cuatmrman. Doctor, may I ask you one question and then we 
will go into executive session. I have heard it stated that the time 
may be at hand when the Defense Department should undertake to 
consolidate all missile programs under one organization. Perhaps 
you discussed it. Do you have any ideas on that? Would you give 
us the benefit of your thinking whether or not it would be better that 
in the Defense Department we have one single missile agency ? 

Dr. York. I think as long as we have separate services that it pays 
to have coordination of all the missile programs and we do have that, 
But it would not pay to have a single agency to develop them because 
missiles have become one of the major armaments of each of the 
services, and for each of the main objectives of each of the services— 
that is, defense, tactical use, strategic use. There is a big difference 
between a defensive missile for use on an airplane like a Sidewinder, 
for example, and a Titan rocket for intercontinental applications, and 
a missile like the Sidewinder—and that is a missile when you are 
talking about missile programs—should be developed by the service 
that is actually going to use it because the problem is not just a problem 
in what should the motor be like or what should the detection system 
be like, but also how does it fit with the airplane—in the case of the 
Sidewinder—that is actually going to have to carry it and how doe 
it fit in with the tactics? This integration of the total missile system 
is best made in the service context and not in some other kind ofa 
context—in other words, it is more important to correlate the devel- 
opment of a Sidewinder with the Navy’s problem in air defense or 
air-to-air work than it is to coordinate the Sidewinder with the Titan 
where the only thing they have in common is the name “missile.” They 
are just very different. 

The Cuarrman. For scientific research and development you would 
have them in separate departments of the Defense Department, but 
what about handling and for field duties? Would you apply the 
same thing, or would you, for instance, let the same missile organiz- 
tion land a Polaris missile on a submarine or use the Polaris or any 
other type of missile from Cape Canaveral? 

Dr. Tien: When you talk about Polaris you are talking about one 
of our big missiles, 

The Cuatrman. I am just referring to that incidentally, whether 
or not a missileman on land is good for sea duty, too, or whether he | 
is good for air duty. I say, you have already resolved it in favor of, | 
for experimental purposes, separate branches. But what about appli | 
cation ? | 
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Dr. York. For development and operation, the same, because if a 
missile is going to be used by the Navy in connection with a naval 
vessel, either to be launched from the vessel or to be launched from an 
airplane carrier or by a ship, the problems of how to handle that at 
sea and in connection with all the other things the Navy has to do at 
gea become dominant over the question of the fact that this missile 
happens to be a missile in the same sense that Titan is a missile. 

The end use is so different and specialized that there needs to be 
coordination and there needs to be careful consideration, which we 
attempt to give at the initiation of a program, to make sure that 
work that doesn’t need to be duplicated isn’t duplicated. We have to 
watch that. But as you go down the road on a missile, the different 
uses are SO Specialized that they have to be connected closely with 
the end use and the using service rather than connected with each other. 

The CuarrmMan. In other words, you feel that they ought to be 
separate in separate services as they are at this time ? 

r. York. Yes. For instance the ASROC is an air-to-surface 
rocket for fighting submarines. The question of how to use that 
and how it ought to be built is connected more closely with the sub- 
marine problem than it is with the development of the tankage on 
Titan or the reentry problem for the Atlas or the Titan or the Mer- 
cury or what have you. So it ought to be done by the Navy rather 
than by some central group. There needs to be central coordination 
to make sure they aren’t oneioniie a new engine, some particular 
small component, brand new for this, when we already know how to 
make that. kind of engine for some other rocket. So we do have cen- 
tral coordination between these programs. 

The Cuarrman. Mr. Wolf. 

Mr. Worr. I just have one question, Doctor. In the last 2 days on 
the floor there has been quite a little discussion and it has always come 
up to the final fact that we have absolutely no defense against the in- 
tercontinental ballisti? missile except the deterrent factor: Perhaps we 
can also launch some. 

I am just wondering—I am sure the committee would be interested 
to know—if you have any R. & D. money available to develop this 
= Samael idea that you talked about when you were here in 

ebruary 

Dr. en. ARPA has a budget for advanced antimissile develop- 
ment totaling for next year—I can get you the precise figures, but it 
isin the $100 million range, perhaps a little bit less. That is for use 
on such things as rays, for interception or anything else that comes up 
that looks as though it might have some promise. 
er Wor. Has there been any work actually done in this direc- 
tion 

Dr. York. There has been a considerable amount of study done in 
this direction, and then related work has been done also. 

Mr. Wotr. The next question and the last one would be: How 
does it look from what you have done up to now? Does it look like 
we will be able 

Dr. York. Not very promising. 

Mr. Wotr. The chiens of killing the ICBM is still—— 

Dr. York. Still a horrendous problem, yes. 

Mr. Wotr. Thank you, Mr. Chairman. 
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The Cuairman. At this time, then, you have some figures to girs 
us in executive session, Doctor ? 

Dr. York. I am not sure what figures you want, but we have figures 
with us. 

The Cuatrman. Do you have any more testimony you can give jy 
open session? Do you have anyone with you that could make, 
statement in open session ? : 

Dr. York. No, not unless you have questions you wish to ask. 
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The CuarrMan. We wanted to ask you about the figures. I unde. | 


stood it required an executive meeting. For that reason the comnit. 
tee will go into executive session. 

(Whereupon, at 11:28 a.m. the committee proceeded in executiye 
session. ) 
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EXECUTIVE SESSION 


BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH IN 
THE DEPARTMENT OF DEFENSE 


THURSDAY, JUNE 4, 1959 


Hovusr or ReEpresENTATIVES, 
CoMMITTEE ON SCIENCE AND ASTRONAUTICS, 
Washington, D.C. 

The committee proceeded in executive session at 11:28 a.m. in room 
B-214, New House Office Building, Hon. Overton Brooks (chairman) 

residing. 

. The CHarrMAN. Doctor, may I say this to start with in executive 
gssion. We have talked to the Comptroller and talked to the Assist- 
ant Secretary who will be here Monday. We are anxious to find out 
about the R. & D. program of the Defense Department and of the 
agencies in the Defense Department. After we have heard the first 
several witnesses like yourself, and the Assistant Secretary, the com- 
mittee will assign this task to our subcommittees which will develop 
the inquiry into the whole program. At present we are concerned 
with familiarizing our committee with what is being done in research 
and development in the Defense Department, since that scientific 
program falls within the jurisdiction of the committee. 

Do you have figures in reference to this program? If you will 
give us voluntarily what you can, I think it will save us time. 

Dr. York. Sir, there are an enormous number of figures. It is a 
question of what figures you are interested in. I have a sheet of figures 
which is entitled “Funding for the Ballistic Missile Programs.” 

The CHarrman. I think we are definitely interested in that. 

Dr. York. We also have the breakdowns according to the categories 
which I talked about in here. We have figures that aren’t with us 
that you might be interested in. There is an enormous amount of 
numerical information. 

The Cuarrman. Can you give us figures on the ballistic missile 
program 

Dr. Yorr. Yes; I have a table here which is all covered with num- 
bers. The question is, what figures you would like. This covers 
only a limited number of the programs—the big missiles. I have 
here the figures for the Jupiter, the Polaris, the Atlas, the Titan, the 
Thor, and then the Air Force Jupiter figures and the Minuteman. 
Thave totals and I have this for fiscal year 1957 and prior years— 
fiscal 1958, 1959, 1960, totals through 1960—and then broken down 
also according to what source of funds within the military department 
were used on these. 
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The Cuarrman. Yes; and call our attention to the ones that seen 
to you to be very important. 

Dr. Yorx. All these are fairly important. These are the big missile 
for strategic purposes, including the IRBM’s strategic wr fer: This 
indicates the Army’s expenditures on Jupiter. Those ceased with | 
fiscal year 1958 and expenditures since then have been charged to the 
Air Force. The total on the Jupiter spent by the Army is listed hep 
as $336 million. That includes research and development, procure. 
ment, and military construction. But that ended with 1958, and sing 
then the Air Force has spent a total of $501 million on the Jupiter 
making a total, then, of $837 million. 
The Cuatrman. That has all been spent on the development of the 
Jupiter and the Jupiter is no longer under further development? 
Dr. Yorx. That is substantially correct; yes. 

The Cuairman. What is going to take the place of the Jupiter 
development ? 

Dr. Yorx. The Jupiter and the Thor should be considered together 
here. These missiles are not in operation. Right now, taking the 
a of them, the only missile we have that is at all similar is th 

olaris. We don’t have a program, a research and development | 
rogram, that literally replaces the Thor and Jupiter programs, The | 
hor and J upiter are, as you know, fairly similar, very large rockets 
with a 1,500-mile range which could be expanded somewhat. The 
Polaris is in the same range class but with a lower warhead weight, 
lower payload weight, and specifically designed for launching fron 
ships, although it could be launched from inl: 

The Cuarrman. As a matter of fact, it is being launched from land, 
is it not, for tests? 

Dr. York. Yes. We have no new program coming up in this 
intermediate range. The emphasis is diverging both to more work a 
very long range missiles and more work on short range missiles. But 
this particular range is not being further emphasized at the present 
time. 

The CuarrMan. Even with the Polaris? 

Dr. York. The Polaris program is going ahead and there is stills 
lot more to do. But I mean no new program is coming in to replac | 
the Thor and the Jupiter. The Polaris is going m set 

The CHarrman. What are we spending now on the Thor? 

Dr. York. The Thor in fiscal 1960 will be $156 million. The gros 
on that is $994 million. That is through 1960. 

The Cuarrman. That will be the total package cost of the Thor | 
program ? 
Dr. Yorx. Yes; and that does not include base construction, but it 
does include research and development, test and evaluation, and als | 

the first money on production units. 
Miter. Is that comparable to the $887 million spent on 
ter { 

Dr. York. Yes; but I don’t know that you could say that that | 
difference of $140 million is a true difference in the cost of thes | 
programs or shows that one is cheaper than the other. The fact that | 
those are pretty much alike shows that the two quite different ap- | 


proaches of the Army and the Air Force really led to the same thing | 
Mr. Miter. I thought they were substantially alike. 


Would you be interested in having me just run through the totals? | 
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Dr. York. Yes; I think they are remarkably close. This kind of 
difference has to do, to some extent, with bookkeeping, with the fact 
that in the case of the Thor a bigger production base has been built 
up. 1 think the similarity between those two numbers is the striking 
fact rather than the difference. 

Is that enough on the Thor and the Jupiter ? 

The CHairMAN. I think so, unless there are further questions. Don’t 
hesitate, anybody. 

Mr. Mitier. How about Polaris? 

Dr. York. On Polaris, the total projected expenditure through 
1960 is $2,677 million. There a large part has gone into the sub- 
marine end of the program, and we could probably break that out 
if 1 can decode what this long list of initials means. 

Just to give a first approximation of how this is broken down, I 
mentioned a figure of $2,677 million. Of that, $1,180 million has gone 
into the shipbuilding parts of the program. Some of the money which 
[have listed here under research and development and procurement 
are also part of the at-sea launching problem. That is, under research 
and development. I am not sure in which budget classification it falls, 
but I know it was spent in connection with solving the problem for 
underwater launch. 

The Cuarrman. Mr. McDonough. 

Mr. McDonovuenu. With reference to the amount spent on sub- 
marines—that is, specially designed submarines with the equipment to 
launch the Polaris you are speaking of—how many submarines has 
that amount of money produced, or how much progress have we made 
in that direction ? 

Dr. York. I don’t know the number of submarines that this starts. 

Mr. McDonover. Would it mean more than one? 

Dr. York. Oh, yes. 

The Cuarrman. The submarines are running about $80 million 
each, aren’t they ? 

Dr. York. Yes;maybemore. I am notsure. 

Mr. McDonoven. In other words, the Polaris can only be launched 
from a pally designed submarine ? 

Dr. York. That is the way the gear and so on is being designed 


- for undersea launch. The Polaris system is a submarine-launched 


intermediate range missile. It can be adapted—and design studies 
have been made on this—it can be adapted to launching from other 
ships. It can be adapted to land launch. 
Mr. McDonoven. When it is specially equipped for launching, 
how many rockets does it carry ? 
* * * * * * * 


Mr. McDonovuen. How many successful shots have we had ? 

Dr. York. We have had no launchings that in themselves demon- 
strated the complete system. I mean we have not launched a true 
Polaris from a submarine. We have launched Polarises from land 
at Canaveral, and the number of successful launchings to some ex- 
tent depends on the definition of success. But it is in the several 


_ Tange, where by that I mean it has been two stages. Polaris is two 


. > and it has been guided and separation has been achieved in 
ight. 
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Mr. McDonoven. That is from land ? 

Dr. Yorx. That is from land. This is also, incidentally, not of 
the final missile. There are several stages of development that Po. 
laris has to go through. 

So there have been several successful launches of complete Polariges 
But they have been from land. Now from submarines or from really 
underwater tanks, which look just like or are very similar to the 
section of the submarine that launches these missiles 

Mr. McDonovucu. What depth is that ? 

Dr. York. I don’t know the depth, it is in the hundreds of feet~ 
there have been launches of dummies. I mean, in other words, the 
air ejection system that is the basis of the presently planned Polaris 
has been tested out with dummy Polarises. The Polaris itself has 
been checked out in land launch. 

Mr. Miuier. Mr. Chairman. 

The Cuarrman. Mr. Miller. 

Mr. Miter. One of the companies has built a rather substantia} 
plant to produce the Polaris. Would that be in the $2,677 million? 

Dr. York. Yes; that would be in here. 

Mr. Mier. So that isnt’? just research and development. It is 
a lot of other things ? 

Dr. York. Yes. Each service defines research and development and 
the boundaries between that and procurement in a somewhat different 
way. So it is not easy to compare from one to another. The figure 
here for research and development on Polaris is $696 million. 

Mr. McDonoveu. Do we know whether Russia has a similar type 
of underwater rocket as the Polaris? 

Dr. York. No. In fact, there is no evidence that they do. 

Mr. Hatz. Mr. Chairman. 

The Cuarrman. Mr. Hall. 

Mr. Hau. Doctor, do I understand that the figure of $2,650 million 
plus includes the construction cost of the submarine which will launch 
these missiles ? 

Dr. York. Yes. It includes the cost through fiscal 1960 of what has 
been—these are obligations, I presume; they are the costs through 
fiscal 1960 for getting the whole system set up. 

Mr. Hau. Does that include the cost of the submarines? 

Dr. York. It includes the downpayment on the submarines. | 
think that is an important point because in connection with the Thor 
and the Jupiter it does not include the corresponding base costs, as! 
understand. 

The CHarmman. Doctor, what is the estimated total cost of the 
whole Polaris program ? 

Dr. York. It depends on how many submarines we finally have, 
but it is many billions. 

The CHarrmaNn. It is multiple billions, and there is no definite 
estimate, then ? 

Dr. York. No; because it depends on the number of submarines 
you decide to have. When you finally get to its being an open 
weapons system, it also depends on how the Navy keeps its books wi 
— to personnel and soon. But it is many billions. 

he Cuarrman. Doctor, yesterday there was a lot of talk on the 
floor of the House about the cost of this Air Force missile. 
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I recognize Mr. Miller. 

Mr. Mitier. As to the cost of Polaris, you have to decide the num- 
ber of submarines you have to make; then, if you were going to apply 
that same thing, you would have to count in the cost of all the hard 
stands that you are going to set up for the Jupiter or the Thor? 

Dr. York. Yes; if you want to know how the systems compare 
with each other overall, you need much more than the figures we have 
got here because these are limited to what has been spent so far. Each 
program is in a different phase of development and these figures 
represent different amounts of the total that you are going to have 

ay. 
the CuatrMaAn. I am not trying to tell you what the estimate would 
be, but I think the committee would like to have your estimate. Then 
youcan explain what it is based on. 

Dr. York. For a Polaris system and a number of boats, I would 
have to get figures which I don’t have here and have to relate them 
to a specific program. Outside of the fact it is many billions of 
dollars, that is the best I can do with the data I have at hand for 
the Polaris. 

The CoamrmMan. Mr. Bass. 

Mr. Bass. Dr. York, I would like to have your comments on this 
controversy between the adherents of the Bomare and the Nike-Her- 
cules systems. 

Dr. York. Let me say, first of all, we in the Department, and my 
office is contributing, right now are working with the Joint Chiefs 
and with others on this very question—stimulated, or whatever is 
the right word, by the appropriations actions that have been taken. 

This study is not done. My understanding is the Secretary plans 
to discuss this with the appropriate committees next week, so we are 
still in the middle of it. So it would be a little premature to try and 
discuss it in any detail at this point. 

Mr. Bass. My question is: Will a decision be made shortly to aban- 
don one system on the ground that the two are duplicative? 

Dr. York. I don’t believe so. A decision will be forthcoming from 
the Department on how the Department sees the problem and how 

the Department would like to proceed. I don’t believe that this de- 
cision will involve the abandonment of either one, but it will involve 
amix involving each of them. 

You see, we have Nike-Hercules already in being. 

Mr. Bass. My question is: Why are we going ahead with the Bo- 
mare, too ? 

Dr. York. The Bomare does a job that the Hercules can’t do, and 
the Hercules does a job which the Bomare could do but does it much 
cheaper. So I don’t want to presuppose what we will finally come up 
with next week as a result of the study we are completing. But I 
think these facts are pertinent at the present time. They are com- 
petitive in some aspects, but there are other aspects in which they are 
complementary. That means, I think, that we are going to have to 
have some of each. 

The Cratrman. Gentlemen, may I say at this time—were you 
| through, Mr. Bass ? 

Mr. Bass. Yes. 
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The Cuarrman. I have suggested here that our counsel—who ig qo. 
ing a very fine job for this committee, Mr. Beresford—ask any ques. 
tions, if he has any, to go ahead and interrupt. I think he could help 
the committee a great deal. He has made a study of this. 

Mr. Mitier. May I ask the doctor a question? ‘This controversy 
between the Bomare and the Nike-Hercules is a good deal like tryj 


to compare a 280-millimeter cannon with a 155-millimeter howitzer. _ 


Both of them have a very definite place, but you wouldn’t use the bj 
cannon where you could use the howitzer and the howitzer certainly 
couldn’t do the work of the bigcannon. Isn’t that right ? 

Dr. York. Yes; I think that probably is a good analogy here, sir, 

The Cuairman. Mr. Beresford, do you have any questions? 

Mr. Beresrorp. Dr. York, you said that the emphasis is shifting 
from intermediate to short- and long-range missiles. 

Dr, Yorx. In the development picture. I said that tn connection 
with the fact we are not introducing at this point another intermediate 
missile. 

Mr. Brresrorp. In that regard, what research and development pro- 
grams are likely to receive greater emphasis 

Dr. Yorx. The Minuteman is in its earlier phases at the present 
time. That is a long-range missile that. will probably grow in impor- 


tance; at least I think we all assume that. We are carrying on apm | 


gram in the development of components of rockets which will some 
day lead to something which is the suecessor—perhaps not the sue- 
cessor, but another missile in the very long range program, 

Mr. Beresrorp. Beyond the Minuteman ? 

Dr. York. Beyond the Minuteman. I am certain the Minutemanis 
not the last word. There will be programs, I think, in the improve. 
ment of the Titan, for example. There is the Pershing program, and 
there are a series of smaller Army missiles which I think are quite 
impor(ant with various ranges from several hundred miles on downto 
just a few miles, which will receive greater attention. 

So that is what is meant by going both ways. The Army has intro. 
duced the Pershing, which is under development. They are beginning 
work on the next one down from that. I have forgotten the precise 
range. It is in the scores of miles. And they will begin work on 
smaller ones. 

Is that enough for your question ‘ 

Mr. Beresrorp. I think so. Has our experience with the develo 
ment of Thor and Jupiter taught us any major lessons about either th 
cost or the effectiveness of internal versus external research and devel- 
opment—inhouse versus outhouse ? 

Dr. Yorx. I think it has taught us that, if you have good people, 
either way can be effective. My own opinion is that the Thor and the 
Jupiter are about equally good, and they have cost about equal 
amounts of money. They have both been done by very good teams. 
So the Thor-Jupiter thing, as far as I am concerned, has shown that 


you can do these either way with equal effectiveness, provided you have 


good teams of men working on the two. 

Both of these were done by first-class teams—the Ballistic Missile 
Division and the Space Technology Laboratory on the one hand; and 
then all of the subcontractors and the Army Ballistic Missile Agency 
on the other hand. 


\ 
| 


| 


| 


i 
{ 
( 
( 
| 
‘i 
b 
al 
ge 
| tl 
| 
| 
ar 
th 


BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 31 


Lam not sure that either of them would say the same a but in 
my opinion they have each done about the same job for about the 
same cost. 

The CHatrMAN. Mr. Hall. 

Mr. Hatz. Doctor, I believe I understood you to say a moment ago 
that the Bomare could do most of the things that a ike-Heroubes can 
do, and, in addition, can do other things. 

Dr. York. Yes, sir; but it is much more expensive than the Her- 

les. 

Haut. What about the Nike-Zeus program and the connection 
with Bomare? How would the Bomarc missile fit into the Nike-Zeus 
rogram ¢ 

Dr. York. The Nike-Zeus is the sole program in the development 

hase for intercepting ballistic missiles. So it is unique. Its ob- 
jectives “7 unique. The Bomare could not do what the Nike-Zeus is 
hoped to do. 
r. Hai. What missile will be used in the Nike-Zeus system ? 

Dr. Yor. It will be a new missile. The missile also goes forth 
nationally—and this caused a certain amount of confusion—by the 
samename. It is called the Nike-Zeus missile. It isan advanced ver- 
sion with quite a number of important differences. It is bigger, for 
example, than the Nike-Hercules. It is a unique missile for a unique 
purpose. 

Mr. Haut. So it isa further state of the art ? 

Dr. York. Yes. 

Mr. Hauv. And there is no connection between it and the Bomare 
missile ¢ 

Dr. Yorx. No. 

Mr. Haru. So then, if you abandoned the Nike-Hercules, you would 
be abandoning this initial development of what eventually will be the 
missile used in the Nike-Zeus system ? 

Dr. York. That is not quite right because the Hercules develop- 
ment is essentially done and the argument has to do rather with de- 
ployment. The contribution of the Hercules to the Zeus is nearly 


complete at this time. 


r. Hatt. Will any of the Nike-Hercules installations be adapt- 
able for use in the Nike-Zeus system ? 

Dr. York. No, only in terms of the fact that the property may be 
used for both purposes. They are really quite different. The instru- 
mentation would have to be—you would have to start essentially 
ire scratch, with the possible exception of housing and things of 
that sort. 

Mr. Hay. In the Nike-Zeus system there will be certain component 

arts of the Nike-Hercules that will be used that would not be in the 

marc system, will there not ? 

Dr. York. That’s true; but I don’t think it is terribly important. 

Mr. Hatt. How important is it in terms of dollars? 

Dr. York. I was thinking in terms of dollars. I can’t give you an 
_ answer, but not very large. The amount of Hercules equipment 
_ that could be taken over into Zeus is not substantial. I don’t know 
what it is in terms of dollars, but it is not substantial. 

Mr. Haut. Could the operation of the missiles—not the radar part 
_ of the Nike-Zeus system—be done by the missile crews that have been 
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trained to operate the Nike-Hercules, or would they require retrajp. 
ing ? 

Dr. Yorx. They would require retraining; but, nevertheless, jt 
would be a big step in the right direction. They would require fyr. 
ther training. 

Mr. Hatz. How much additional training would they require for 
the Bomare system, or would they require complete new training for 
the Bomarc system 

Dr. York. Just speaking of the missiles—which I understood your 
question to apply to—there is a much bigger difference between the 
Nikes on the one hand and the Bomarc on the other, than there ig be. 
tween the two Nikes. There also is the difference that it is two differ. 
ent services. 

The CHarrMAn. Will the gentleman yield? The Nikes follow al] 
the same pattern, don’t they, Doctor ? 

Dr. York. They are very closely related to each other, yes. 

The Cuarrman. A Hercules or a Zeus are the same general pattern, 
are they not, being made from Ajax boosters ? 

Dr. York. Yes, the boosters are made of similar components. The | 
Hercules is four Ajax boosters put together. The Zeus has basically 
the same booster as the Hercules. 

The Cuairman. I don’t want to interrupt you, if you are not | 
through. 

Mr. Hat. I haven’t finished yet. I understand the crews, when 
these missiles become operational, are trained presently by contractors, 
engineers, or scientists. I assume that that is true with the Nike. 
Hercules? 

Dr. York. I believe so. They play an important part in the train- 
ing. There is another substantial part of the training which is the 
Army’s own training by its own people. 

Mr. Hatz. I was thinking of independent contractors, Boeing and 
others, who go and actually 

Dr. York. They play a very important role in the training. 

Mr. Haru. If we continue with the Nike system rather than the Bo- 
mare system, then we will have crews in service, although they are in 
a different branch of the service, that can train other crews in another 
mR of the service to operate those Nike-Zeus missiles. Is that 
right? 

‘Dr. York. Yes, although, while there is no firm plan for Nike-Zeus 
in existence, my presumption would be that the Army would operate 
them and, therefore, we don’t have even the service problem. As far 
as the missile is concerned, the Hercules crews in a number of ways will 
make the transition to the Zeus easier because you take the same crews 
and retrain them or because you use the old crews to train new ones. 

Mr. Hau. So we would have, with the Nike-Hercules system as op- 
posed to the Bomarce system, the advantage of the training that we 


Dr. YorK. For Zeus, yes, there is an advantage. 

Mr. Wotr. I just wondered about the difference in the system. IfI | 
understand it correctly, the Nike-Hercules has its own SAGE system | 
in each battery ? 
Dr. Yes. 


have already received in service. | 
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Mr. Worr. And the Bomare must rely on the SAGE system which 

is pretty much automatic? 
r. YORK. Yes. 

Mr. Wotr. It isa much broader program ? 

Dr. Yorw. Yes. 

Mr. Wor. What happens to the Bomare if the SAGE system is 
knocked out ? 

Dr. York. The Bomarc becomes ineffective. 

Mr. Wor. But if you had the Nike-Hercules complex, or the Nike- 
Zeus or Whatever it is, each one could continue to fire and to act inde- 
pendently ¢ 

Dr. York. Yes, there is that aspect of it. To some extent the 
Bomare would take further modification and further expenditure. 
But you could buy some of the local control aspects for Bomare if it 
was decided you ought to do that. 

But the way the present plan is conceived is the way you describe 
it-that the Bomarce depends on the SAGE, and the Hercules is more 
self-contained. 

Mr. Minter. Will the gentleman yield ? 

Mr. Wotr. Yes. 

Mr. Miirr. But if you knock SAGE out, you would hardly have 
time to put into effect a local setup. In other words, you would have 
noearly warning that a missile was coming your way. You would be 

retty much at a disadvantage no matter what you had. 

Dr. York. That is why there is the difference between the concept 
inuse. The Hercules is more of a local defense and depends 

Mr. Miter. It also depends upon getting its early warning to be 
on the alert. 

Dr. York. Yes. But if SAGE is blown up, that is already early 
warning if you can get the word passed around. 

Mr. Mrtter. Suppose lots of things happen to missiles, one thing 
and another, you wouldn’t know whether SAGE was knocked out 
by a power failure or something else. 

Dr. York. That would be true. 

Mr. Mitzer. The Nike thing would still be effective, but you 
wouldn’t have an early warning. 

The Cuarrman. Doctor, may I ask you this question here following 
adifferent idea? Isn’t it possible to make emplacements for Hercules 
that also could be used by Bomarc ? 

Dr. York. Except for the fact that it might all be on the same piece 
of property, there 1s not very much in common between them. 

The Cuarrman. I talked to an Army man this morning who is 
arather high-ranking officer in the program. He felt that you could 
lave the same firing battery equipped with both. You don’t feel that 
way ¢ 

Dr. York. Well, certain of the components could be used in common. 
But it is more in the way of the housekeeping equipment between the 
Bomare and the Hercules you are speaking of ? 

The CHarrMan. Yes, that’s right. In other words, I believe we 
ought to have both programs. That is what was behind my questions 
about unifying the missile program a little more. If you could put 
Bomare and Hercules in the same firing battery, the same emplace- 
ment, would they work together ? 
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Dr. Yorx. They would require almost completely separate setg of 
equipment for the two. There is a big step in the direction of go. 
ordinating these two in that the operation of both of them comes under 
the North American Air Defense Command. 
The CHarrman. Mr. Hall. 
Mr. Hau. There was one more question. Comparatively, and with. 
out going into detail, what are the major advantages of the Bomare 
over the Nike? 
Dr. York. The Bomarc has a much greater range than the Nike. 
Mr. Hatx. How much greater range ? 
Dr. Yorx. Using round numbers, a factor of three or four in terms 
of itsrange. This makes the Bomarc more useful if you want to have 
a completely closed periphery around the United States. It takeg 
fewer bases and it is in bases where the biggest costs ultimately come, 
It takes fewer bases to make a closed ring around the United. States 
for peripheral use. 

There also, in connection with defending the periphery, are the 
operational arguments that this needs to be carefully tied together 


question around the periphery. 

The Bomare has a greater range and it takes fewer bases in order 
to make a closed periphery. On the other hand, if you are trying to 
defend points within the country and these points—of course, there 
is no case where you are actually defending a point, but some target 
complex—if that target complex is smaller than the range of the 
Nike-Hercules, then the greater range of the Bomarc doesn’t make 
any difference if you are trying to protect something that is reasonably 
small. There the lower cost of the Hercules is probably what you 
ought to emphasize. 
am talking a little bit out of school preliminarily here because 
this is precisely what the Department is in the process of doing— 
trying to put all of these facts together to come up with a master 
plan as has been requested. 

The Cuarrman. As a matter of fact, though, we should have had 
these facts before the bill was passed yesterday. ‘Then we could have 
talked more intelligently. 

Dr. York. Yes, sir. 

Mr. Haut. So far as independent targets are concerned, target 
areas as you state, where the range of the Nike-Hercules is as great 
as the area of the target, then there is absolutely no advantage of the 
Bomarc? Well, maybe a little—that you could knock it down another 
hundred miles out. 

Dr. York. My off-the-elbow answer is to agree with you. But we 


Mr. Haw. Based on the statement you have just made, then the 
main consideration would be as to whether or not you would try to 
install Bomarc bases around the outer perimeter of the United States 
as against installing missile bases around specific target areas. _ 
Dr. Yorx. This is an overall objective and not a research and engi- 


a defense against aircraft as you can imagine, you have to do 


you possibly can do before they ever get into the United States; and 


in one big supersystem, which is where SAGE comes in. So that’s the | 


neering question at all; but if the objective is to have as cone 


of those. It is certainly important to do all of the interception that | 


are just not through examining all of the facets of this problem, sir. | 
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then since no defense will be complete, it is important to carry on with- 
in the United States and still keep shooting them down. 

So this is now a question that falls outside the cognizance of my 
office as to what is the overall objective with regard to antiaircraft 
capability. If you want the maximum, I think you probably have 
to have both of these. 

The CHarRMAN. What is that Bomarc program going to cost? We 
peard figures of various sorts on the floor yesterday. Some of them 
were astronomical in size. 

Dr. York. It is going to depend on how many Bomares you have 
to have, and that depends on how many airplanes you think the Rus- 


sians are going to send through any particular sector or might send 
through any particular sector. 


The CuarrMAN. What will the first Bomare cost ? 

Dr. York. I don’t know what the first Bomare would cost, but 
the first one, of course, is very much more expensive. 

The Cuarrman. It is the sum total of everything you put in there. 

Dr. York. The overall program is in the $5 billion or $10 billion 


_ range, depending on how many you buy. 


The CuarrMAN. $5 or $10 billion ? 

Dr. York. Probably in that range. 

The CuarrmMan. In working on the Zeus—and we asked you about 
the Zeus when you were here before—— 

Dr. York. ‘That is also the same range. 

The CuarrMan. They referred to a billion dollars, as I remember, 
something like that, which is not in line with your cost of the Bomare. 

Dr. York. No, sir; the Zeus would also be $5 billion or $10 billion 
if you were to put in something which would actually defend a sub- 
stantial fraction of the country—still a modest fraction, but a sub- 
stantial one. One billion dollars is the amount of money that has 
been talked about for the first year’s payment for production. 

The CuarrMAN. Have you made any changes in reference to your 
attitude regarding —s the Zeus? 

Dr. York. No. We are struggling with it mightily. It is not an 

problem, sir. 
nthe CuarirMAN. Does the Zeus program have enough money now? 
When we were down there as a committee they were requesting of 
you some additional funds. Did they get those moneys? 

Dr. Yorn. No, sir, not yet. It depends on who you ask whether 
it has got sufficient funds or not. From the point of view of the 
Army, they will assure you that it does not. 

The Cuarrman. Does the Zeus program have enough money to go 
thead without being smothered to death ? 

Dr. York. The Zeus program has only enough money for develop- 
| ment at the present time. It has for development substantially all 

the money which the Army has asked for. There may be some small 
| differences yet even here. 
| The Coarrman. You made the allowance that they referred to 

when we were down there and they said they were requesting of you 
_ at that time, I think, a certain amount of money for development? 
| That has been allocated, has it ? 
| Dr. York. For development, they will be getting essentially what 
they asked for. That is for the development of the system. When 
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it comes to procurement, for making the downpayment on the deploy. 
ment, they are not getting the funds that they have asked for. 

The CHarrMan. Tell me this. At the rate you are developing the 
8 how many years will go by before we will have a complete 

eus 

Dr. Yorx. The earliest that we could have a Zeus system that cop. 
sisted of a number of batteries—not just one—— 

The Cuairman. Just take one, the first one. When can we haye’g 
completed Zeus ? 

Dr. Yorx. If we went all out for production at the present time we 
could have one probably by the end of 1963 or the beginning of 1964, 
The way we are doing things, that will not come to pass. 

The Cuarman. At the rate we are going now, how long will it be 
before we have a completed Zeus ¢ 

Dr. Yorx. As far as development goes, 1963 or 1964; but as far as 
deployment is concerned, there are no plans to deploy it at the pres. 
ent time. 

The CuarrMan. I understand that. 

Dr. York. The answer is never, on the basis of what we are doing 
right now. But the development is going ahead. 
The CuarrMan. But as far as deployment, it may go as far as 1970 

at the rate we are going now / 

Dr. Yorx. At the rate we are going now we would never reach de- 
ployment because we are only spending money on development, If 
we were to decide to go into deployment right today, we could prob- 
ably get there for a first unit at the end of 1963 or the beginning of 
1964—somewhere in there. 

To get to a number of them where tli¢y would actually be makinga 
significant contribution to defense would take a year and a half 
longer. So even if we decided right now to go ahead, we would be 
talking about the significant contribution to the defense of the conti- 
nent in 1965. | 

The CHarrMan. 1965 or 19667 

Dr. York. If we went ahead right now. 

The Cuatrman. And if you don’t go ahead right now, it will rm | | 
up to 1970? | 

Dr. York. Well, every year that we don’t put money into procure | — 
ment is one year when you can’t have the missile. So it could run to 
1970; it could run forever, if we decide never to build it. 

The Cuarrman. Let me ask you this: Aside from being the head- 
man in the Defense Department in scientific work, as an American { | 
interested in the survival of this Nation and the free people are you 
satisfied that that program is being pushed as it should be pushed in 
our defense budget ? 

Dr. Yorx. Considering its balance with everything else and its | 
possibilities, I am. 

Mr. Wotr. Mr. Chairman? 

The Mr. Wolf. | 

Mr. Wotr. The thing that fascinates me about this Bomare pro- 
gram—and I still haven’t got it through my head—is that this pro- 
gram is not going to be field-ready until 1964, to be really an effective | | 
part of our unit, from what I have been told. 
Dr. York. We are back to Bomarc B. 
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Mr. Wotr. Bomare B, that’s right. This could be ready in 1965? 

Dr. York. The Zeus. 

Mr. Wotr. The Zeus he is talking about, if we proceeded at the 
same speed with it as we are the Bomare. 

Dr. York. Bomare can probably be ready before 1964, sir. 

Mr. Wotr. On an accelerated program, say a year. The thing that 
still bothers me and fascinates me is that this Bomare is a ramjet 
engine, Which means its maximum range is going to be limited to the 
amount of air that is in the atmosphere at any height. 

Dr. York. It is only for opposing air-breathing planes or missiles. 

Mr. Woxr. Yet within a year’s time, or maybe two—you say later— 
wecould have a rocket propelled 

Dr. York. For defense against ICBM’s, which is a differerent kind 

defense. 

Mr Worr. But 3 months ago we were exposed to the fact over in 
the Pentagon that the Russians are building ICBM’s, and in 1961 they 
are going to have enough to kill this country completely. 

Dr. York. 1961, 1962? 

Mr. Wor. That is why I took the floor on this thing yesterday, and 
that’s why I am here now asking this question: Why are we spending 
so much money on an obsolete program? It has to be obsolete. We 
are going to have vere aircraft; we are relying on the Strategic 
Air Command in this pro lem, which can go in any direction. They 
don’t have to go just in a given 400-mile range. They can be based 
out and come in. 

Why aren’t we spending a lot more money on this program with a 
rocket component ? 

Dr. York. On the program to intercept rockets ? 

Mr. WotF. That’s right. That’s why I asked the other question on 
this death ray thing a little while ago. 

Dr. York. The difference between the two is simply that, in the 
one case, we know how to do it; and in the other case we don’t. 

Mr. Wo.r. We started this thing in 1949, Mr. Chairman, against 
the proposed target date of 1955, and still here it is 1959. They have 
plowed a tremendous amount of money into this Bomure program. 
They still haven’t had a supersonic kill. Here we have got the Nike- 
Zeus. I am not interested in the question of an interservice fight. 

It is a tragic thing that has happened. Your job is going to be to 
try to stop it. The thing that worries me is what happens next. 

Dr. York. The Bomare and the Zeus now are for two entirely 
different purposes. The Bomarc is for antiaircraft, and the Zeus is for 
antimissiles. 

Mr. Wor. I agree with that. 

Dr. York. It is probably true that—— 

Mr. Hatx. Will the gentleman yield? 

Mr. Wotr. Certainly. 

Mr. Hatz. But the Nike-Hercules, which is also the first stage, is 
antiaircraft. 

Dr. York. That is antiaircraft. 

Mr. Haty. And the further adaptation of that system, or the fur- 
ther development of that system, to the Nike-Zeus is antimissile. 

Dr. York. Yes, but that is a tremendously big difference. 

Mr. Haun. Bomarc is only for antiaircraft. 
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Mr. Wotr. That is what I am saying. It looks as if we are out of 
proportion in the amounts of money we are spending in this program 
when our real danger, if we can believe the military, is this question of 
ICBM’s. 

Dr. York. I believe that is correct, and I wish we knew how t 
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intercept ICBM’s. But in my opinion we don’t. That is sort of 9 


fact of nature. 

The Cuarrman. Gentlemen, we are going to have to adjourn. We 
will have to get the doctor back again, because I am satisfied that 
everybody here would like to ask lots of additional questions. 

Mr. Wotr. I think Mr. Bass has one. 

The Cuarrman. I have got a dozen. Mr. Hechler just asked per. 
mission to ask a question, too. I don’t believe we can finish, really, 

Mr. Wo Fr. Can we bring him back ? 

The CHamman. Doctor, would you consent to come back again 
at some later date ? 

Dr. York. Yes, sir. I have a rather bad schedule in connection 
with another problem that is hot in the next couple of weeks, I am 
sure we can fit something together. 

The Cuairman. We will work it out. 

Dr. York. I am having kind of a rough time for the next 2 weeks, 

The Cuarrman. The committee stands adjourned until tomorrow 
morning at 10 o’clock. 

(Whereupon, at 12:15 p.m., the committee recessed, to reconvene 
Friday morning, 10 a.m., June 5, 1959.) 
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BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH IN 
THE DEPARTMENT OF DEFENSE 


MONDAY, JUNE 8, 1959 


House oF REPRESENTATIVES, 
CoMMITTEE ON SCIENCE AND ASTRONAUTICS, 
Washington, D.C. 

The committee met pursuant to adjournment, at 10 a.m., in room 
B-214, New House Office Building, Hon. Overton Brooks (chairman) 
presiding. 

The CuarrMAN. The committee will come to order. 

Weare a little slow getting started this morning because it is Mon- 


day morning. We had a heavy schedule last week and we have got a 


heavy one this week. 

Before we begin, however, I want to say that we have the pleasure 
of Maj. Gen. Hugo Panasco Alvin of Brazil, commanding officer of 
the Army Staff School of Brazil, with us this morning. He is over 
here studying the missile program, so I invited him down here to this 
committee to hear the Assistant Secretary of Defense, Secretary Mc- 


| Neil. He is accompanied by Lt. Jack Halliburton, who is with him 
during his stay in the United States. 


We are happy to have you, gentlemen, here on behalf of the com- 


mittee. 


Mr. Hecnter. Mr. Chairman, I would like to join you, Mr. Chair- 
man, in welcoming General Alvin to this committee this morning. I 
hope your stay in this country will be profitable and pleasant. 

eneral Arvin. I thank you very much. 

The Cuarrman. The general will have to leave in a few moments. 
Itold him to stay as long as he could. When he would have to leave, 
itisunderstood. 

We are fortunate to have this morning Assistant Secretary of De- 
fense, Mr. W. J. McNeil, who is going to talk to us on the program 
from a budget viewpoint of the science research and development 
program for the Defense Department. 

Secretary McNeil, you have a statement, sir. If you wish to proceed 
with your general statement, we would appreciate it very much. 


STATEMENT OF HON. W. J. McNEIL, ASSISTANT SECRETARY OF 
DEFENSE (COMPTROLLER) 


Mr. McNei. Thank you, Mr. Chairman. I would hope that the 
general could stay quite a while because I feel better, you know, when 
one is well supported. 
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The Cuarrman. He is supposed to catch a plane at 11 o'clock, 7 
understand, but maybe we could get him to stay over until this after. 
noon instead. 

Mr. McNem. It is my understanding, Mr. Chairman, that th 
committee desired a general discussion of the fiscal aspects of the ye. 
search, development, test and evaluation program of the Department 
of Defense. It may be useful in placing this program in its proper 
framework to discuss briefly the overall defense budget and the 
manner in which it is organized and developed. 


Arrangement of the fiscal year 1960 budget 

First, a brief discussion of the arrangement of the fiscal year 1960 
budget might be helpful. The budget format and changes in appro. 
priation structure proposed for 1960 are intended to facilitate presep- 
tation and consideration of the Department of Defense budget on a 
functional and more uniform basis than in past years, 

I might interpolate that in the past the emphasis has been on 
Army, Navy, Air Force and the Office of Secretary of Defense, o 


on the principle of broad functional areas. 

Attachment A to this statement is a conversion table showing the 
relationships between the 1960 and 1959 budget arrangements, 
(Attachment A faces p. 50.) 

The 1960 arrangement—while retaining Service identification— 
emphasizes the functional rather than the organizational aspects of 
the Department of Defense budget. A1l appropriations are grouped 
under five main functional headings: “Military personnel”; Oper- 
tions and Maintenance”; “Procurement”; “Research, Development, 
Test, and Evaluation”; and “Military Construction.” A sixth group- 
ing covers the revolving and management funds of the Department 
of Defense. 

In addition, there are changes in the content of a number of indi- 
vidual appropriations in 1960 compared to 1959. With regard to 
the subject under discussion this morning, the new arrangement of 
the budget differentiates more clearly between procurement on the 
one hand, and research, development, test and evaluation on the other, 
For the most part the changes to accomplish this result represent 
decreases in the estimates for the procurement-type appropriations 
and corresponding increases in the estimates for the more comprehen- 
sive research, development, test, and evaluation appropriations, To 
the extent that amounts associated with development, test, and evalua- 
tion remain in the procurement appropriations, at least for the pres 
ent, they are to be identified as separate budget activities. 

Language changes recommended in the President’s budget for fis 

cal year 1960 appropriations are for the purpose of accommodating 
changes in budget structure and providing greater uniformity. They 
are not intended to enlarge any of the authority of the existing 
language. 
It should be emphasized that neither the changes in language nor 
the changes in structure give the Secretary of Defense any greater 
or lesser authority over the utilization of appropriations for the 
military functions administered by the Department of Defense than 
he now has. 


other organizational divisions. This year the presentation is based | 
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The three measures of the defense program 

There are actually three related measures of the defense effort in 
fiscal terms—frequently we think of them as only two, but actually 
inthe Department of Defense there are three: (1) new obligational 
authority—generally the amount appropriated by the Congress each 
year; (2) direct obligations—measure of the level of new activity 
planned for the year—the volume of contracts placed for goods and 
grvices, people employed, et cetera. That can be more than the 
amount requested from Congress, depending on the amount available 
from sales of material, carryover funds, and so forth; (3) expendi- 
tues—the net amount of payments made during the year for per- 
gmnel costs and for goods and services received, regardless of the 
year in which the goods and services were ordered. 

Attachment B (p. 50) to this statement presents a summary of these 
three measures of the defense effort. for fiseal years 1958, 1959, and 
1960. Attachments B-1 (p. 51), B-2 (Pp. 52),and (p. 08) present 
the same data for the Army, Navy, Air Force, and the Office of the 
Secretary of Defense, for each of the 8 fiscal years. AJ] Department 
of Defense appropriations—some 50-odd—are now grouped under 
thed new headings or titles. 

Imight say this grouping is only for the purpose of understanding, 
because With 50 different appropriations it is hard to grasp them all 
when considered individually. 

We have found it useful in our own work to consider these titles 
operating costs and capital costs. As 
shown in the table, operating costs include military personnel and 
operation and maintenance—the day-to-day costs of the Department 
of Defense. Under capital costs are procurement, research, develop- 
ment, test and evaluation, and military construction. These three 


| titles must be considered jointly since decisions on major weapons sys- 
tems affect all three. 


Summary of the 1960 research, development, test, and evaluation 
effort 

As shown in the table, a little over $3.7 billion in direct obligations 
is planned for fiscal year 1960 under the new, more comprehensive 
budget classification research, development, test, and evaluation. To 
theextent that amounts associated with development, test and evalua- 
tion still remain under the new procurement appropriations they are 
identified as separate budget activities; that is so they can be easily 
ven and understood. 

When these amounts are added to the funds for the research, de- 
velopment, test, and evaluation appropriations, the total is about $5.6 
billion, Of this amount, about 82 percent is planned to be placed under 
ontract or order with non-Federal organizations—private industry, 
wucational institutions, and so forth. The balance of the effort— 
ibout 18 percent—will be performed by the laboratories and test 
ativities of the Defense Establishment—in-house, as we call it. 

In addition, certain costs related to the research, development, test 
ind evaluation program are included in other parts of the Defense 
budget. For example, the cost of constructing research, development, 
st, and supporting facilities is included in the military construction 


ippropriations. Similarly, the costs of military personnel engaged in 
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research, development, test, and evaluation activities are included to. 
gether with the cost of other military personnel in the military per. 
sonnel appropriations. 

When these costs are included, the total support for the researe 
development, test, and evaluation program in 1960 approaches $6 bij. 
lion, compared with about $3.5 billion in 1955—an increase of $25 
billion in 5 years. 

Furthermore, as previously discussed by Dr. York, the Department 
of Defense benefits from the results of the research and development 
programs conducted by other Government agencies such as the Ng. 
tional Aeronautics and Space Administration, the Atomic Ene 
Commission, the National Science Foundation, and so forth. Th 
the amounts shown against the title, “Research, Development, Teg, 
and Evaluation,” do not represent the full cost of this activity, nor do 
they measure the full effort expended in this area. 


Major program areas 

Attachment C (p. 54) to this statement provides further detail on 
direct obligations for the fiscal years 1958, 1959, and 1960, by major 
program area. The first column shows the amounts included in the 
research, development, test, and evaluation appropriations. The see. 
ond column shows amounts for procurement for service use or inven- 
tory and separately identified in the procurement appropriations, 
The third column is the total of the two. To round out the picture, 
column 4 shows amounts for procurement for service use or inventory 
and column 5 shows the grand total for procurement and research, de- 
velopment, test, and evaluation. 

The figures in column 5—the total of procurement and research, 
development, test, and evaluation—indicate a downward trend in 
obligations for aircraft and an upward trend in those for missiles, 
Ships remain about the same, but military astronautics, a new field of 
increasing importance, shows a very large increase in 1959 and 1960 
over 1958 when this activity was initiated. 

Appropriations 

There are five separate appropriations included under the research, 
development, test, and evaluation title—research, development, test, 
and evaluation, Army; research, development, test, and evaluation, 
Navy; research, development, test, and evaluation, Air Force; salaries 
and expenses, Advanced Research Projects Agency ; and the emergency 
fund, Department of Defense. New obligational authority, direct 
obligations.and expenditures for these appropriations for fiscal years 
1958, 1959, and 1960 are shown in attachment D (p. 54) to this 
statement. 

The fiscal year 1960 request for research, development, test, and 
evaluation, Army, is $1,047 million. Under the previous arrange- 
ment of the budget the amounts appropriated for R. & D., Army, in 
fiscal year 1958 and fiscal year 1959 were $400 million and $507 million, 
respectively. The comparable amount included in the fiscal year 1960 
estimates is approximately $573 million, while the balance, about $4/4 
million, represents amounts previously budgeted in other appropria- 
tion areas, primarily the procurement account. To the extent prac- 
ticable, the Army has identified and transferred all the research, 
development, test, and evaluation support funds from the procurement 
account, as required by the new arrangement of the budget. 


“3 
| 
| 
It 
K 
( 
} 
th 
tes 
I 
ne’ 
a 
4 


il on 
najor 
n the 


test, 
ation, 
Jaries 
rency 

irect 

ears 
this 


t, and 
range- 
my, in 
illion, 
r 1960 
it $474 
opria- 
prac: 
"ement 


BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 43 


The fiscal year 1960 request for research, development, test, and 
evaluation, Navy, is $971 million. Under the previous arrangement 
of the budget the amounts appropriated for R. & D., Navy, in fiscal 
year 1958 and fiscal year 1959 were $527 million and $831 million, 


tively. 

The Sereubable amount included in the fiscal year 1960 estimates 
is approximately $783 million and the balance of about $188 million 
represents amounts previously budgeted under other appropriations. 
The Department of the Navy did not complete the transfers to the 
new research, development, test and evaluation title, with the result 
that approximately $279 million for research, development, test and 
evaluation support remains separately identified within the procure- 
ment title of the budget. This brings the total of the amounts identi- 
fed as the Navy research, development, test, and evaluation program 
to $1,248 million. 

The fiscal year 1960 request for research, development, test, and 
ealuation, Air Force, is $1,150 million. Under the previous arrange- 
ment of the budget the amounts appropriated for R. & D., Air Force, 


| jn fiscal year 1958 and fiscal year 1959 were $691 million and $752 


nillion, respectively. The comparable amount included in the fiscal 
ear 1960 estimates is approximately $750 million, while the balance 
of about $400 million represents amounts previously budgeted under 
other appropriations. The Department of the Air Force also did not 


complete the transfers to the new research, development, test, and 


evaluation title, with the result that approximately $1,564 million for 
research, development, test and evaluation support remains separately 
identified within the procurement title of the budget. This brings 
the total of the amounts identified as the Air Force research, develop- 
ment, test and evaluation program to $2,714 million. 

The appropriation for the Advanced Research Projects Agency is 
new and was started on the new basis. The emergency fund appro- 
priation remains the same as in the past year. 


Coverage of the research, development, test, and evaluation title 

The research, development, test, and evaluation title as such in- 
dudes funds for : 

(1) Both the direct and indirect costs of maintaining and operat- 
ing numerous Government-owned research, development, test, and 
waluation installations, including laboratories, testing facilities, and 
ranges. 

(2) The support of the contract research programs, including 
those for basic research. 

(3) The support of investigations, studies, and engineering and 
sting effort related to the development of materials, components, 
quipment, and weapons. 

_(4) The procurement of end items of hardware and related facil- 
ities required for development, test, and evaluation. 

In terms of programs and activities the 1960 obligations under the 
lew research, development, test, and evaluation title provide— 

(a) Three hundred and seventy-two million dollars for mili- 
tary sciences, which include basic research in the physical and life 
sciences, general supporting research of military importance, 
operations research, and the development of new materials, com- 
ponents and techniques. 
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(6) Four hundred and eighty-seven million dollars for aircraft 
and related equipment which includes work on airframes, engines J 


armament, and communications, navigation, bombing, fire con. 4 
trol, and other installed equipment. 7 

(c) One billion four hundred and thirty-eight million dollar |, 
for missiles and related equipment, which includes strategj P 
tactical, air defense, and special purpose missiles; test vehicles : 
and related equipment. 

(d@) Three hundred and nine million dollars for military astro. 


nautics and related equipment, which provides for the conduet 
of programs in space technology for miiitary purposes and the f 
investigation of specific applications of space vehicles. The | 4 
Advanced Research Projects Agency is the primary sponsor of | 4 
these programs of military interest—such as reconnaissance, 
communications, navigation, and early warning satellites; ad- 
vanced research in the area of ballistic missile defense; the clus. 
tered engine booster; solid propellent chemistry; and tracking 
and data reduction. 
(e) One hundred and sixty-eight million dollars for ships and | 4 
small craft and related equipment which includes such items as 
advanced engines and propulsion machinery; communications, 
data system, detection, countermeasures, and other shipboard | y 
electronic equipment; catapults; arresting gear; et cetera. I | 
might add at this point that ships are difficult to classify. For | fr 
example, the Nautilus certainly was a new design, a new item, | y 
but, inasmuch as it was destined for the fleet when it was built, it | 7 
has been charged to procurement and not to research. 
The CHarman. Where you refer to ships, Mr. Secretary, there | 
you mean naval craft. 
Mr. McNew. That is right, sir. | $9 
The Cuairman. You are not referring to ustronautics or aviation! | - 
Mr. McNett. No, Iam afraid this remark was a carryover from the | 


time when a ship was a ship, sir. 
The CuarrmMan. Now a ship may be space or aeronautics or a sea | 
vessel. | 

Mr. McNen. That’s right, sir. 


(f) Two hundred and thirty-five million dollars for ordnance, | jp 
combat vehicles and related equipment, which includes a wide | 4 
range of weapons, ammunition, vehicles, and related items. re 

(g) Four hundred and thirty-one million dollars for other 
equipment, not specifically identified with the activities already | jp 
discussed, such as communications equipment; electronic counter- | 
measures and combat surveillance equipment; materials handling | 4h 
equipment; mapping and geodetic equipment; nuclear power- | tp 
plants; data handling equipment; aircraft control and warning | y 
equipment ; et cetera. | 

(h) One hundred and thirty-three million dollars for program- | 
wide management and support, which provides for the operation, ) 
management, and maintenance of certain research and engineer- | ey 
ing facilities of the Army, Navy, Air Force, and ARPA, costs of ex 
which are not distributed directly to the other budget activities. 
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Last year the Congress increased the amount of the Department of 

Defense emergency fund to $150 million, and provided $150 million 
of transfer authority to the Secretary of Defense. In addition, the 
gope of this transfer authority was broadened to permit its use to 
rovide for test and evaluation activities and for procurement and 
roduction related thereto. The same provisions are requested for 
960. 
Mianerable figures for fiscal years 1958 and 1959 are shown in 
attachment IX (p. 55) to this statement. I might add that in this emer- 
gncy fund, the transfer authority permits transferring funds, say, 
from a procurement account to a test and evaluation project if during 
the year a breakthrough had been achieved or it was a type of item 
that had not been planned on previously. 

It permits, in effect, reprograming to that extent, between 
appropriations. 

Mr. Mr. Chairman. 

The CHatRMAN. Mr. Mitchell. 

Mr. Mrrcuey. Mr. Secretary, right at that point, this emergency 
fund during the last year: What amount was used for breakthrough 
items or other transfers? 

Mr. McNeu. I will supply the figures as to where we stand at the 
moment. Normally the first 6 months of the year very little is used 


- because we have just gotten our appropriations in July and August 


- from the Congress. If at the moment we had anything we wanted to 


adjust, we would try to tell the committees before the bill was passed. 


| Therefore, during the next few months we should have very little 


ned of emergency funds. Usually the need comes in the last part 
of the year. 

As of the 1st of June the balance available for fiscal year 1959 was 
$80,500,000. But it is always in May and June that the big demands 
will come. 

Mr. Mrircneitt. You think the figure of $150 million will be 
sufficient 

Mr. McNeix. I think it is a very workable amount, yes. It is 
rally $300 million, you see, because we get $150 million cash and 
$150 million transfer authority. If the new research item were more 


_ Important than buying an airplane or a piece of equipment or a truck, 
the money can be transferred from the procurement item to the 


research item. 

Mr. Mircuety. Mr. Secretary, the figure of $80 million, was that 
inyour cash fund or are you combining the two? 

Mr. McNeix. It is $80 million from the cash including transfer. Of 
the transfer authority, we have used $18.5 million. We would use the 
tansfer authority if something is really urgent and could not wait 
util the next year’s money was eveittide. 

Mr. Thank you. 

The Cuarrman. The Chair recognizes Mr. Hechler. 

Mr. Hecuter. Mr. Secretary, what was that $80 million of the 
emergency fund which you have already explained? What was that 
—~ for? If you could supply that for the record. 

. McNer. I can give you what it is at the moment if that would 
helpful. Some of these items are classified. We can furnish it to 
47886—59——4 
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the committee, but some parts of it we may not wish to have in the 
published record. 

Mr. Hecuter. Could you generalize what is unclassified ? 

Mr. McNei. Yes. Some of it went for increased effort on materig] 
research that had not been planned on last year. Some of it went for 
antiradiation research, some chemical work was done. Some was used 
for arctic studies that had not been planned on before. There wag 
other work on radar developments, solid state electronics. Some of 
it went for increased effort on Minuteman, for example. Other 
amounts went to certain of the ARPA-type space tests. 

Mr. Hecuter. I wonder if you could put in the record what this 
has been expended for, and also a statement of why this was done 
under the emergency fund rather than under the usual process? 

Mr. McNzm. We will not use the emergency fund if the item was 
included in the original program. In the case of ARPA, they have 
undertaken some things that were not planned on a year ago. At 
that time they were new and their program wasn’t as firm as it might 
be, looking ahead. Also, in the case of Minuteman there was soma 
work on fuels, and so forth, where they thought more progress could 
be made and that had not been planned on when the budget was 
presented last year. 

So it is really increased effort over previous plans that cannot be 
financed by reprograming. 

(The information requested is as follows:) 

As pointed out in my testimony, the emergency fund is not used for items in- 
cluded in the original program. In the course of the continuing efforts of the 
Department of Defense to increase knowledge in science and to apply such 
knowledge to the development and initial procurement of improved weapons 
and military equipment, it is not always possible to predict completely the exact 
course of the investigations undertaken. Many times work in progress will 
demonstrate areas of effort which warrant the allocation of resources in addi- 
tion to or earlier than those previously planned. These situations can occur in 
any part of the research, development, test, and evaluation program and at any 
time during the current year. Because of the very nature of research and de 
velopment, progress on individual projects can not be forecast with any great 
degree of certainty. From time to time an unexpected breakthrough is achieved 
or an entirely new or unanticipated requirement arises. The service research 
and development programs are reviewed and balanced each year in an effort to 
assure that the funds provided cover those projects considered to be of highest 
priority. New requirements can only be satisfied at the expense of existing 
projects and it is not always possible to find projects which can prudently be 
eliminated or reduced without disrupting existing programs. ‘The emergency 
fund has been employed in order to make possible the prompt exploitation of 
urgent new projects, while at the same time avoiding the disruption of the cur- 
rent research and development programs. 


The Cuamman. My suggestion is this, that we let the Secretary 
finish. He only has two or three more pages. Then we can go into 
the questions. 


Relationship with other program elements 

Mr. McNem. Earlier I mentioned that the R.D.T. & E., the pro- 
curement, and the military construction appropriations were all 
closely interrelated. Except for such areas as basic and applied re 
search, technical developments, and the cost of supporting and operat- 
ing the Defense Department’s own laboratories and test facilities, the 
balance of the R.D.T. & E. program represents development effort 
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largely influenced by the basic decisions made on the major weapons 
systems. ; 

In other words, the R.D.T. & E. program is an integral and insepa- 
rable part of the total defense program. All the factors and con- 
siderations which influence the total defense program also influence 
the research, development, test, and evaluation activity. Major deci- 
sions are not made solely in terms of research, development, test and 
evaluation, but rather in terms of the defense program as a whole. 
As Secretary McElroy recently told the Senate Subcommittee on De- 
partment of Defense Appropriations: 

The central problem is one of achieving balance—balance between the offen- 
sive and defensive forces; between general war and limited war forces; be- 
tween numbers of men and numbers of weapons ; between new weapons and old; 
petween aircraft and missiles; et cetera. No one would advocate trying to do 
everything that every individual would like to see done. This would not only 
be beyond our resources but would simply dissipate our efforts and weaken 
rather than strengthen our military power. So, we are faced with the neces- 
sity of making decisions among various alternatives—in other words, of exer- 
dsing judgment, of making “hard choices.” In doing so, we make use of the 
pest military and scientific talents in the country. Through this process we 
pave formulated the defense program and budget for fiscal year 1960. 
Development of the fiscal year 1960 Defense budget 

It has long been recognized in the Defense Department that while 
the budget. for the coming fiscal year must reflect future plans and 
programs—it cannot be intelligently developed without reference 
to past and current levels of defense expenditures. This is one of 
the important considerations in determining the general order of 
magnitude of the budget for planning purposes since each annual 
budget, essentially, is Just one increment of a sustained, long-range 
defense program. 

I would like to emphasize that, Mr. Chairman. We think of each 
budget sometimes as being for 1 year. But it is just really an incre- 
ment of a more or less long-range program. That makes a difference 
inhow you approach the problem. 

The Cuamrman. I think Members of Congress who have been in 
Congress over a period of time realize that that is the case. 

Mr. McNem. I am sure they do, but I find in the public mind 
sometimes the idea that you make each budget in isolation each year. 
Actually, as you well know, it is a continuation or an increment. 

Serious discussion of the general order of magnitude of the 1960 
Defense budget started last summer. It was thought then, that in 
view of the upward drift of prices and wages experienced in the 
previous 2 or 3 years, and the increasing cost and complexity of 
each new generation of weapons, the initial budget planning target 
for 1960 should be a little higher than the estimated 1959 expenditure 
level. 

Taken into account, of course, were the many other factors affecting 
the size and character of the defense program, which Secretary Mc- 
Elroy and General Twining have discussed before various commit- 
tees of the Congress—such as the strengths and weaknesses of possible 
enemies, now and in the future; the strengths and weaknesses of our 
major allies around the world; the international situation as a whole: 
the present and prospective state of military technology ; and the in- 
creasing combat effectiveness of the new weapons. Also taken into 
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account was the general economic and fiscal situation in our ow, 
country. 

Considering all the various factors affecting the defense program 
it was tentatively concluded that a figure of $4134 billion in expendi. 
tures—about a billion dollars more than the amount then estimated 
for 1959—would provide a reasonably good starting point for the 
development of the 1960 budget. 

In subsequent discussions between the Secretary of Defense and the 
service Secretaries it was decided, as a first approach, to allocatg 
$411, billion in expenditures among the Army, Navy, Air Force, and 
Office of the Secretary of Defense as the initial planning objectiyg 
for basic budget submissions. 

As a reasonable point of departure, these allocations were baged 
on the proportion that each service’s expenditures bore to the total 
expenditure estimate for fiscal year 1959. At the same time it wag 
agreed that the services could recommend additional programs for 
consideration within the remaining $500 million of the tentative ex. 
penditure target. It was expected that the total new obligational 
authority requested would approximate the expenditure objectives, 

This approach was adopted by the Joint Secretaries in an effort to 
encourage all the services to include in their basic budget submissions 
the programs which they considered to be of the highest priority, 
It was anticipated that any additional programs proposed by each 
service would be of lesser priority and would be considered in reli 
tion to additional programs proposed by the other services. 

Early in October the services and the other elements of the De 
partment of Defense submitted their initial budget requests. The 
basic submissions totaled about $41.6 billion in expenditures, com 
pared with the $411, billion target. The additional or “addendum? 
submissions totaled another $1.6 billion in expenditures, compared with 
the $500 million set aside for such programs. As a practical matter, 
each service considered its own programs of such importance as to 
warrant the allocation of all or most of the $500 million set aside, 
Thus the budgets submitted by the services aggregated an estimated 
$43.2 billion in expenditures as compared with the $413, billion initial 
planning figure. 

Associated with this $43.2 billion of expenditures, however, was 4 
total of about $4814 billion in new obligational authority— $42% 
billion in the basic submissions and about $6 billion for the additional 
programs. The wide disparity between expenditures and new obliga 
tional authority arises from the character of the additional programs 
proposed—most of them involving long lead-time items of equipment, 
for which expenditures in the first year would be very small com 
pared to the total new obligational authority involved. Of course, 
the $4814 billion of new obligational authority would have resulted 
in a much higher level of expenditures in succeeding years. 

Early in the review of the services’ budget requests, it became ap 
parent that the basic budgets included some programs of lower prt 
ority than those included in the add-on or addendum requests. Ae 
cordingly, it was necessary to consider the budget requests in total; 
instead of dealing with the basic and addendum requests separately, 

Throughout October and November and the early part of December 
there were numerous program presentations by the services to the 
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Department of Defense 


APPSOPRIATION ESTIMATES FOR FY 1960 SHOWING CONVERSION FROM FY 1959 PATTERN 


(All amounts in thousands of dollars) 


Military Personnel )peration and Maintenance Procurement Research, Development, Test, cad Evaluation Military Construction 


— 


] Appropriation Title Amount Appropriation Title Apount Appropriation Title Amount 


Appropriation Title “Appropriation Title Amount 


Department of the Army 
Military Personnel, Army Military Personnel, Army | 3,324,063 | 
Operation & Maintenance, Amy Operation & Maintenance, Amny 3,053, 785 T mms 
Procurement of Equipment & Missiles, Army Procurement of Equipment & Missiles,Army| 1,024,700 | Research, Develop., Test & Bval., Army 459, 300 
Research & Development, Army 
Reserve Personnel, Army Reserve Personnel, Arny 
191,951 | Oper. & Mmint., Army National Guard 


Army National Guard National Guard Personnel, Army 146, 000 


National Board for Promotion of Rifle Practice | Nat'l Board for Promotion of Rifle Pract. 300 
Operation & Maintenance, Alaska Communication System Oper. & Maint., Alaska Com. System 5,676 
Military Construction, Army | Military Construction, Amy 341, 000 


n Military Constr., Army Reserve Forces 20,000 
Military Construction, Army Seserve Forces Military Conatr., Army National Guard 11,000 


Total - 9,357,000 3, 708, 024 3,205, 761 1,024, 700 1,046, 515 372,000 
Department of the Navy 
Military Personnel, Navy 


| 


Military Personnel, Navy | 2,476,700 | | 


Reserve Personnel, Navy Reserve Personnel, Navy | 88, 000 | 
Military Personnel, Marine Corps Military Personnel, Marine Corps 596, 900 | 


Reserve Personnel, Marine Corps Reserve Personnel, Marine Corps 24, 300 


Medical Care, Navy | 99,250 
Naval Petroleum Reserves, Navy 2,125 L 
Navy Personnel, General Expenses | gh, 000 


Service-Wide Operations, Navy 134, 000 


- 
Service-Wide Supply & Finance, Navy | 317, 000 
_ Operation & Maintenance, Navy +€ 
Aircraft & Facilities, Nevy 863,074 
| 


Civil Engineering, Navy | 130,217 


Marine Corps Troops & Facilities 172,000 
— 

Ordnance & Facilities, Navy | 141,889 1 
Ships & Facilities, Navy | 869,637 21, 363 
Research, Develop., Test & Eval., Navy 
Marine Corps Procurement | Procurement, Marine Corps 135,200 6,800 


| 
Aircraft & Related Procurement, Navy Aircraft & Related Procurement, Navy | 1,950,294 39, 706 
Shipbuilding & Conversion, Navy Shipbuilding & Conversion, Navy 1,498, 200 21, 800 


Procurement of Ordnance & Ammunition, Navy Procurement of Ordnance & Ammo., Navy 504 , 069 8 2 
5, 93. 


Research & Development, Navy 783,000 i he 

Military Construction, Naval Reserve Forces | Military Construction, Naval Reserve 
Military Construction, Navy Military Construction, Navy 244 , 000 


Ships’ Stores Profite, Navy (special fund account) Ships’ Stores Profits, Navy | 9,000 ° 


Total - 11,369,775 | 3,285,900 2,812,192 4,147, 763 970, 920 253,000 


Department of the Air Force | y 


Aircraft Procurement, Air Force 4,409, 100 
from A/C, Missiles & Related Proc, (4,190, 300) 
fram Proc. Other Than A/C & Missiles (218, 900) 


Aircraft, Missiles & Related Procurement, Air Force | 
Missile Procurement, Air Force 2,601,200 
from A/C, Missiles & Related Proc. (1,900, 000) 
fram Proc. Other Than A/C & Missiles 
Procurement Other Than Aircraft & Missiles, Air Force Research, Develop., Test & Bval., A.P. | 123,600 
Other Procurement, Air Force 1,165,200 : 
from A/C, Missiles & Related Proc. (15, 300 

from Proc. Other Than A/C & Missiles | (1,131,030 
Air National Guard National Guard Personnel, Air Force 48,000 Oper. & Maint., Air National Guard 169, 000 from Air National Guard, Air Force (18, 870) Military Construction, Air Nat'l Guard 17,000 


Research & Development, Air Force 


Operation & Maintenance, Air Porce | jperation & Maintenance, Air Force 4,256,500 20,200 


\ 
Military Personnel, Air Force Military Personnel, Air Force 3, 914, 000 J 


Reserve Personnel, Air Force Reserve Personnel, Air Force / 54,000 


a | Military Construction, Air Force 894, 000 
Constraction, Air Force | Military Conatruction, Air Force Reserve 4} 000 


i 
Total - 18,562,200 4,016,000 | 4,425,600 8,275, 500 1,149, 900 915, 000 


Office of the Secretary of Defense 


Salaries & Expenses, OSD | 19, 775 
Salaries & Expenses, OPA } 725 


Salaries & Expenses, ARPA | | | Salaries & Expenses, ARPA 455,000 ' 


Construction, ARPA 


: 
a 
| 


' 3,205, 761 1,024, 700 1,046, 515 372,000 
Department of the Navy | | 
Military Personnel, Navy Military Personnel, Navy | 2,476,700 | | 
Reserve Personnel, Navy Reserve Personnel, Navy 88, 000 | ] 
Military Personnel, Marine Corps Military Personnel, Marine Corps j 596, RO | 
Reserve Personnel, Marine Corps Reserve Personnel, Marine Corps 2h, 300 
99, 250 } 
Naval Petroleum Reserves, Navy 2,125 
Navy Personnel, General Expenses 9 , 000 | 
Service-Wide Operations, Navy | 134,000 
Service-Wide Supply & Finance, Navy | | 317, 000 
Aircraft & Facilities, Navy 863,074 9, 926 
Civil Engineering, Navy 1 | 130,217 483 
Marine Corps Troops & Facilities | | 172,000 | 800 
Ordmance & Facilities, Navy 141,889 1,1 
Ships & Facilities, Navy } 549, 637 21, 363 
t + Research, Develop., Test & Eval., Navy 
Marine Corps Procurement Procurement, Marine Corps 135,200 6,800 
Aircraft & Related Procurement, Navy | Aircraft & Related Procurement, Havy 1,950, 29% 39, 706 
Shipbuilding & Conversion, Navy | Shipbuilding & Conversion, Navy 1,498, 200 21, 800 
} 
Procurement of Ordnance & Ammunition, Navy | Procurement of Ordnance & Ammo., Navy 504 , 069 65,932 
Research & Development, Navy j 783, 000 ; 
Military Construction, Naval Reserve Forces | Military Construction, Naval Reserve 9,000 
Military Construction, Navy Military Construction, Navy 244 , 000 
Ships’ Stores Profits, Navy (special fund account) hips’ Stores Profits, Navy 9, 000 ° 
Total - 12,369,775 , 185, 900 | 2,812,192 | 4,167, 763 970, 920 253,000 
Department of the Air Force i | 4 
Aircraft Procurement, Air Force 4,409, 100 
from A/C, Missiles & Related Proc, (4,190, 300) 
from Proc. Other Than A/C & Missiles (218, 300) 
Aircraft, Missiles & Related Procurement, Air Force } 256,100 c= 
t Missile Procurement, Air Force 2,601, 200 ax 7 
| from A/C, Missiles & Related Proc. (1,900,000) 
fram Proc. Other Than A/C & Missiles (701, 200) 
Procurement Other Than Aircraft & Missiles, Air Force | Research, Develop., Test & Bval., A.F. < 123, 600 a 
Other Procurement, Air Force | 1,165,200 r 
from A/C, Missiles & Related Proc. 
from Proc. Other Than A/C & Missiles | (1,132,030 | 
Air National Guard National Guard Personnel, Air Force 48,000 | Oper. & Maint., Air National Guard 169, 000 from Air National Guard, Air Force (18,870) Military Construction, Air Nat'l] Guard 17,000 
Research & Development, Air Force | 750, 000 
Operation & Maintenance, Air Porce eration & Maintenance, Air Force | 4,256,800 20, 200 
Military Personnel, Air Force Military Personnel, Air Force 3,914,000 
Reserve Personnel, Air Force Reserve Personnel, Air Force 54,000 } 
| Military Construction, Air Force 894, 000 
Military Construction, Air Force | Military Construction, Air Force Reserve) 4,000 
T 
Total - 18,682,200 4, 016, 000 4,425,600 8,175, 500 | 1,149,900 915,000 
Office of the Secretary of Defense 
Salaries & Expenses, OSD | 19,775 
Salaries & Expenses, OSD t 
Salaries & Expenses, OPA 725 
Salaries & Expenses, ARPA Salaries & Expenses, ARPA 455,000 
Construction, ARPA | Construction, ARPA (ay transfer) 
Total - &75, 500 20, 50C | 455,000 
Interservice Activities | 
(No existing appropriation) Operation & Maintenance, Olympic 400 
5 #inter Games, Department of Defense 4 = 
Claims, Department of Defense Claims, Department of Defense 16, 500 | 
Contingencies, Department of Defense | Contingencies, Department of Defense 30, 000 
Emergency Fund, Department of Defense | | Emergency Fund, Department of Defense 150, 000 
Retired Pay, Department of Defense Retired Pay, Department of Defense | 715,000 
Salaries & Expenses, Court of Military Appeals | mlaries & Exps., Ct. of Mil. Appeals | 425 
Loran Stations, Department of Defense | | Loran Stations, Dept. of Defense 23,200 
Total - 935,525 | 715,000 | 47,325 150,000 23,200 
GRAND TOTAL - 40,820, 00¢ | 11,624, 904 522, 576 13, 347, 963 3, 772,335 1, 563, 200 


A 


OSD Comptroller 
16 February 1959 
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Secretary of Defense, the Deputy Secretary of Defense, and their 
principa military and civilian advisers, followed by lengthy discus- 
sions among all of the parties concerned. In the later stages of this 

rocess the major elements of the program and budget were presented 
to and discussed with the President and his advisers. 

In this manner there evolved a fiscal year 1960 budget calling for 
new obligational authority of $41,190 million, including $340 million 
to be derived by transfers from the revolving funds of the Department 
of Defense; direct obligations—which I might add is a better measure 
of Defense effort—of $42,774 million; and net expenditures of $40,945 
million. 

Included in these totals, as mentioned earlier, are over $3.7 billion 
for new obligational authority and direct obligations, and $3.4 billion 
in expenditures for research, development, test, and evaluation. (At- 
tachment D, p. 54.) 

I would like to add to what I wrote in this paragraph, this com- 
ment. A request to Congress for $41 billion or thereabouts at the 
present time can support a gape of about $42-plus billions be- 
cause of the sales of material for example, to foreign countries, for 
cash or to the military assistance program, particularly when it is 
of a type that does not have to be replaced in kind. When trucks are 
sold that are not replaced, that money can go into missiles. 

So the amount of new contracts, the value of contracts to be placed, 
people to be hired and so forth, can run about a billion dollars higher 
than the amount appropriated by Congress and it is a perfectly 
proper, natural thing. 

Mr. Chairman, I hope this brief statement provides a framework for 
your consideration of the fiscal aspects of the Defense Department’s 
research, development, test, and evaluation program. 

(The attachments referred to by Mr. McNeil are as follows:) 
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Direct obligations for research, development, test, and evaluation and 
procurement, fiscal years 1958-60 


{Millions of dollars] 


Procure- | Gran 
D.T.& E. Total ment for RDN 
R.D.T.&E.| support! |R.D.T.& E service and pro- 
use or curement 

inventory 

443 221 664 7, 831 
73 476 949 6, 766 
487 7 1, 217 6, 045 7 9 
904 1, 367 2, 271 1,817 4, 088 
1, 342 1, 254 2, 596 2, 736 5,33) 
1, 438 1, 062 2, 500 2, 611 Bll 
132 1, 760 1,892 
159 1, 864 203 
ee 168 1, 786 1, 954 
17 (2) 7 (2) 17 
346 (2) 346 (2) 346 
309 (?) (?) 300 
503 67 570 2, 091 2,681 
569 92 661 2, 412 3.073 
666 51 717 2, 700 3.417 

2, 503 1, 656 4, 159 13, 499 17, 658 
3, 534 1, 822 5, 356 13, 778 19, 134 
3, 7. 1, 843 5, 565 13, 142 18, 707 


1 In procurement appropriations. 
2 Included with ‘‘ Other equipment.” 


Separate figures are not available. 


Note.—Amounts for fiscal year 1958 and fiscal year 1959 have been adjusted for comparability with fiscal 


year 1960. 


ATTACHMENT D 


Research, development, test, and evaluation appropriations, fiscal years 1958-60 


[Millions of dollars] 
New obligational | Direct obligations Expenditures 
authority 
Appropriation title 
Fiscal} Fiscal] Fiscal) Fiscal) Fiscal! Fiscal| Fiscal} Fiscal] Fiscal 
year | year | year | year | year | year | year | year | year 
1958 | 1959 | 1960 | 1958 | 1959 | 1960 | 1958 | 1050 | 1960 
Research, development, test, and evaluation, 
Army-. -| 525 939 |1, 047 801 951 |1, 047 550 | 704) 900 
Research, ‘development, test, and ‘evaluation, 
696 984 971 728 990 969 724 | 044 
Research, development, test, and evaluation, 
Air Force. > 919 |1,037 |1, 150 923 |1,055 /|1, 102 758 | 957 1,01 
Salaries and expenses, Advanced Research 
83 | 408} 455 16 | 436] 455 1} 200; 415 
Emergency fund, Department of Defense_---- 103 | 150 |..-.-- 18 
2, 258 |3, 470 |3, 772 |2, 503 |3, 534 |3, 722 |2, 034 {2,937 | 


Note.—Amounts for fiscal year 1958 and fiscal year 1959 have been adjusted for comparability with fiscal 


year 1960. 
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Summary of direct obligations for research, development, test, and evaluation 


appropriations, by activities * 


[Millions of dollars] 


| 
Fiscal year Fiscal year Fiscal year 
1958 (actual) 1959 (esti- 1960 (esti- 
mate) mate) 
Aircraft and related equipment. 442.5 472.6 487.3 
Missiles and related equipment----_-.---.--....-...-------.-- 904. 3 1,341.8 1, 437.6 
Military astronautics and related 17.4 345. 9 309. 1 
Ships and small craft and related equipment____-__._________- 132.1 158. 7 167.7 
Ordnance, combat vehicles, and related equipment. _________- 179. 1 188. 8 235. 0 
mwide management and support__...-.-......--.-._..- 135.1 137.8 133.0 
Emergency fund and expired accounts_-_-........-.-..-...---- 34. 2 136. 1 150.0 
2, 502. 7 3, 521.9 3, 722. 4 


1 As presented in the President’s 1960 budget. 


The Cuarrman. Thank you very much, Mr. Secretary. I think 
your statement is an excellent statement. In fact, it gives me and 
the committee a better idea of the overall research, development, test, 
and evaluation program than we have had heretofore from anyone 
in the Defense Department. 

It has a good deal, however, regarding procurement and operations 
of the military. Of course you know this committee is not concerned 
with the procurement operation of the Defense Department in any 
sense of the word. But our concern is in the $6 billion which you 
designate as being your total expenditures for research, development, 
test, and evaluation. I would like to say that that is the limit of our 
interest as a committee in your program. 

I might say this, too, publicly, that we have no intention of invad- 
ing in any way the jurisdiction of the Armed Services Committee. I 
served on that committee for many years. Mr. Ducander, our staff 
director, is also from that committee, and Mr. Miller, the member 
from California, was on the committee. We know what that juris- 
diction is. We want to stay out of it. 

On the other hand, by direct act, we are given authority over 
ARPA. It was written in the basic law. Likewise, in the rules 
establishing this committee, we are given authority over scientific 
research and development. We can’t very well proceed to advise 
with ARPA, with NASA, and with other scientific programs unless 
we do know what your scientific program is. It is a large program. 
There is no question about it. That is the reason I took up with you 
the question of the possibility of getting a separate bill submitted by 
the Department covering only scientific research and development, 
which, as I say, by law is stipulated as the jurisdiction of this 
committee. 

Therefore we are very happy to have your statement this morning. 
It will give our committee an opportunity of studying this further. 
_ Incidentally, I might say that the committee has been broken down 
into four subcommittees—one for each department—to go over the 
research and development program for the Defense Department, the 
Army, Navy, and the Air Force. The committee wants to become 
vequainted at a very early date with what your program is—not in 
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any sense with the idea of obstructing but with the idea of cooperatiy 
and assisting the Defense Department, and the departments in the 
Defense Department, with what I think is work which is vital to oy 
country. 

That gives you some idea of just what the thinking is on this com. 
mittee. It makes it a little difficult, I agree, when you come, fo 
instance, to $150 million in authority, to transfer from one field to 
another. But that is not a sufficient obstacle to give us more than q 
pause for thought, because that can be worked out over a period of 
time. Undoubtedly, it will. 

Mr. McNew. Mr. Chairman, I took the liberty of presenting g 
little broader outline, perhaps, than might have been required by 
cause I thought it might be helpful if we could put research, develop. 
ment, test, and evaluation in context with the other things we do in 
Defense. 

The Cuatrman. I think it is very helpful. Since I myself, op 
another committee, received that sort of statement from the Defeng 
Department ever since there was a Defense Department, of course it 
is sort of like coming home, to me. 

Mr. McNet. Also, for any members of the committee that might 
not have been closely associated with departmental presentations in 
recent years, at least, to indicate to them how we are trying to do 
some of these things, and present them. 

The Cuatrman. Mr. Fulton. 

Mr. Foutron. I agree generally with the chairman on his state. 
ment, and speaking as the ranking Republican minority member pres- 
ent, I would feel that there may be some overlapping of jurisdiction, 
But in the main it is pretty well set out as to what the distinction is 
and the jurisdiction of this committee under the resolution, House 
Resolution 580, passed July 21, 1958, 85th Congress, 2d session. 

If you have not seen that resolution, I would like to call your atten- 
tion specifically to it because it has some provisos that are new and do 
change the jurisdiction quite a bit. 

Rule 11 of the House, as amended by inserting after clause 16 the 
following : 

17. The Committee on Science and Astronautics— 


which is the authorization for this committee, and its jurisdiction— 
under subheading (A) to (H) it lists as follows: 


(A) astronautical research and development, including resources, personnel, 
equipment, and facilities ; 

(B) the Bureau of Standards, standardization of weights and measures and 
the metric system ; 

(C) the National Aeronautics and Space Administration ; 

(D) National Aeronautics and Space Council; 

(E) the National Science Foundation ; 

(F) outer space, including exploration and control thereof— 


I call to Secretary McNeil’s specific attention that provision (F), , 
which states “outer space, including exploration and control,” so that, 


the control of outer space is under this particular committee as far 
as the House of Representatives is concerned. As you recall, the 
legislation has said that outer space should be devoted to peaceful 
purposes for the benefit of all mankind. 
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(G) science scholarships ; 

(H) scientific research and development— 
which is a general statement. ; 

| liked your statement at the top of page 9, Mr. McNeil. It says: 

Except for such areas as basic and applied research, technical developments, 
and the cost of supporting and operating the Defense Department’s own labora- 
tories and test facilities, the balance of the research, development, test, and 
evaluation program represents development effort largely influenced by the basic 
decisions made on the major weapons systems. 

To paraphrase that, you are really saying that the major portion 
of the research, development, test, and evaluation program repre- 
sents development effort largely influenced by the basic decisions 
made on the major weapons systems. Then you go further to say 
that the areas of basic and applied research, technical developments, 
and the cost of supporting and operating the Defense Department’s 
own laboratories and test facilities are an exception. 

I agree with that thoroughly because that sets out very clearly the 
difference in jurisdiction between the Armed Services Committee and 
the committee we belong to—Science and Astronautics, of the House 
of Representatives. 

Mr. McNen. Mr. Fulton, I probably am not completely responsible 
for that concept, but I learned what I thought was a pretty good 
lesson in that regard about 1944 or 1945 when a person I had a very 
high regard for, and I am sure the chairman would agree, Secretary 
Forrestal, worked out a plan for Navy research. Prior to World 
War II, of course, basic research was not too heavily supported by 
either the War Department or the Navy Department. 

Mr. Futton. That is quite an understatement. 

Mr. McNem. But it was thought then, and really was a policy that 
was agreed upon, that regardless of the level of research in the Navy 
Department from 1944 and 1945 on, a certain amount would be ear- 
marked for work which you didn’t expect an immediate specific 
dividend. 

In other words, you would be looking—in the basic research field— 
for something on down the road. I believe there has been an effort to 
keep the two things rather clearly in mind, as we prepare these an- 
nual programs. 

Mr. Futron. The value of this committee, and this particular ap- 
proach of science to the Department of Defense and its related agen- 
cies, is to me that we will be able to help you keep a spot or a place 
in your budget for basic and applied research that is not too closely 
connected with separate weapon resistance. I believe previously the 
problem has been a justification that it had some end use that would 
ina way directly affect the military procurement and the security of 
thiscountry and the free world. 

This committee has a much broader jurisdiction, and that is that 
we are interested in the development of science in this country overall, 
which in a way includes every field. It is impossible to state what 
isa military venture in outer space and what is a civilian venture or 
whether certain developments are going to help passenger traffic 
civilianwise or passenger traffic military wise. 

Under those circumstances, where # is indefinite and where there 
may be a push on your people’s budget, I think the Government and 
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the executive department might be well advised to keep these com. 
mittee members who are pretty much eager beavers on science anq 
that type of thing informed so that we can supplement and help oy 
on these programs that we think are necessary for the scientific rog- 
ress and development of this country generally, and to keep the brody 
base of the pyramid filled in. 

Likewise, we have a responsibility to see that on science and py. 
search as well as technical training and science, life fields, that we 
are not falling behind Russia and the satellites. That is one of the 
building blocks of the pyramid that you are operating in, but it is alg 
a separate field. I am sure that so far—Mr. Brooks and I have both 
been members of the select committee that was in operation last year— 
there has been little or no real] dispute as to the functions of the com. 
mittees, and I hope it continues that way. 

So I want to assure you of the cooperation on the Republican side 
and say that our members are interested, even though I happen to 
be the only one here. It is Monday morning. 

Mr. Anruso. Will you yield there a minute, Mr. Fulton ? 

Mr. Futon. I will be glad to yield. 

Mr, Anruso. Mr. Chairman and Mr. Secretary, we have had the 
Secretary of Defense here. I always thought that the jurisdiction of 
this committee was understood by him. oes there seem to be any 
doubt in your mind now that we should have a separate budget for 
whatever is needed for science and research submitted to this com- 
mittee so that we can analyze it and study it ? 

Mr. McNetv. The question you ask might be just a bit difficult to 
answer, but I will do my best. I think the research and development 
budget as such has to be considered as part of the whole budget by 
some committee of Congress—the House and the Senate. However, 
I know of no one who would hesitate for a moment in providing this 
committee with any information that would be helpful in its delibera- 
tions and work. 

I think—if I may be so bold as to suggest it—that the committee 
in the beginning at least may have some of the same problems that 
we read about that we have in the Department of Defense. 

Mr. Anruso. I know what you mean. 


Mr. McNet. But I believe you will find the Department—although — 


it is probably not our responsibility—we will do our best not to 
encourage any division on the Hill. We will do our best to serve the 


committees on the Hill in whatever way they decide to organize their _, 


work. 
Mr. Anrvso. In other words, what you are saying very politely is 


that for us to be able to consider a Defense budget applicable to | 


science and research—a separate one, that is—there would have to be 
some action taken by the Congress, and the jurisdiction would have 
to be defined by the Congress itself ? 


Mr. McNew. That is correct. But I might add that I would ques — 


tion whether that 

The Cuatrman. Will the gentleman yield ? 

We just read the jurisdiction of the committee. It has been de- 
fined by Congress. 

Mr. Anruso. That is exactly what I thought, Mr. Chairman. That 
is why I don’t think we have this clarified as yet. 
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Mr. Futron. Willthe gentleman yield? 

Mr. Anruso. Yes. 

Mr. Fuuton. I don’t think the witness should comment on the di- 
yision of authority in Congress, or what it will take for the House 
to operate its bill. I think he is in the executive department, and 
might be advisory, but I don’t think it is a relevant point of discus- 
gion as to what procedures the witness feels this committee should 
take to exercise its jurisdiction. 

So I would disagree with the gentleman on that. 

Mr. Anruso. Would you disagree with what the gentleman 

ote Fuuron. From New York. 

Mr. Anruso. Then where are we, Mr. Chairman? 

The CuairMAN. Let’s not get disagreeable here. It is too early 
inthe morning. 

Mr. McNetu. We will do our best to give you the information that 
will help you get your work done. 

The Cuarrman. If the gentleman will yield, let me say this: I 
want to support the position of the gentleman from Pennsylvania, 
Mr. Fulton there, on this matter, because under the act it is ARPA. 
That is basic law. It is not a rule of the Congress. It is basic law. 

I sat in the Congress when the Department of Defense was 
created—as a good many of my colleagues likewise sat there. We 
saw your problems then. You still have growing pains, but I am 

ing to ask you about a problem that you have got before you at this 

our, Which indicates that you still have growing pains. 

Nonetheless, I say this, beginning with Mr. Forrestal, the De- 
fense Department—and after him, Mr. Johnson—the Defense De- 
artment has been aggressive in the assertion of its proper functions. 
Tthink it is correct. 

Now, as far as I am concerned as chairman of the committee, my 
own view has been that those programs that are now being headed 
by the Defense Department, and by the departments in the Depart- 
ment of Defense, should be continued where they have been satis- 
factorily pushed. We should not disrupt them in any way because 
that would be hurtful to the whole defense program, and to the 
scientific program. 

But, by the same token, if the committee cannot correlate and col- 
late these programs, then you are going to have pandemonium 


in the scientific program with one agency going one way and one 


the other. I think that that would be very hurtful to the defense of 
the country and likewise it would be very hurtful to your program 
ofresearch and development. That is my thought on the matter. 

Mr. McNett. In that connection, Mr. Chairman, this is probably a 
gratuitous observation, but I would hope that if jurisdiction of some. 
program or project is transferred, that full use of skills and talents 
that presently exist are accomplished by interagency work orders so 
that neither we nor the other people start something new which 
already exists. 

The Cuarrman. If the gentleman will yield a little further, I will 
say this. You are going to have a divided program on the Hill on sci- 
ence, and you are going to have necessarily, then, a divided program in 
the executive branch. If the Defense Department goes ahead with a 


con- 
Out 
road 
1 re. 
the 
also 
both ‘ 
ar— 
Side, 
to 
| the 
mn of 

any 
t for 
com- 
It to 
ment 
t by 
ever, J 
‘ittee | 
that 
to 
the 
their 
ly is 
le to | 
to be 5 
have : 

| 
1 de- 
| 
| a4 


60 BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 

project on which NASA is being supported by this committee, you ap 
oing to have a split authority, that is all. I think you more or leg 
ave to have some overall scientific cooperation. 

Mr. Anruso. Am I correct in the conclusion that the jurisdiction of 
this committee has been established, and that in the future we yjjj 
receive a separate Defense budget in order that this committee cay 
pass upon it 

Mr. Fuuron. May we hear that again? I would rather not have the 
witness get into jurisdiction questions that affect this committee, | 
hate to act as corporate counsel here, but I think it is beyond his ¢g. 
pacity to comment on the jurisdiction affecting this committee in q 
separate branch of Congress that is completely independent. 

Mr. Anruso. To rephrase that question, we have already established 
the jurisdiction of this committee. Is that correct ? 

Mr. Fuuron. It is established by law. I have cited the law to you, 

Mr. AnFuso. It is one thing to establish the jurisdiction, and ap. 
other thing to have it carried out. How are we going to get this juris. 
diction 

Mr. Futron. I think we in a committee meeting must sit down and 
talk about the extent of our jurisdiction, but I don’t think we cap 
examine the executive department as to what that department feels 
as to legislative jurisdiction. That’s us. If we have any differences 
among ourselves, I would rather go into executive session and talk it 
out and take it up with the leaders. 

The Cuarrman. I don’t think there is any difference among our. 
selves. 

Mr. Anrvuso. I don’t think there is any difference among ourselves 
either. 

Mr. Fuuron. Then I would rather not get into that question of 
jurisdiction of this committee. 

The CHarrman. I think what Mr. Fulton has in mind is that he 
doesn’t want the Secretary up here on the spot so that one committee 
would call him in and say: “You said this.” Another committee will 
say : “You said this,” and he will be in a difficult spot. 

Mr. Anruso. That is the furthest thing from my intention, to put 
the witness on the spot. I guess you understand that. 

Mr. McNew. I appreciate the understanding of this committee very 
much. 

Mr. Anruso. Then I think I am perfectly willing to let the matter 
drop so we can discuss it later on in executive session. May I proceed 
with another point ? 

Mr. Fuutron. Would you yield at that point? I would like to assure 
the Secretary that this committee on both sides wants to see the con- 
tinuation of the scientific teams that have been set up, and the con- 
tinuity of them on a permanent basis. We don’t like them disrupted 
‘and cast to the winds, and I would rather see in that regard what is 


done in Russia, where they pick the team up and if they have been 


successful on one thing, move them over to something else as a team. 

So Iam sure you will get our cooperation on that. 

Mr. Anruso. May I proceed with another point ? 

Mr. Secretary, this emergency fund that you spoke about on page§ 
of your statement—without revealing any classified information— 
would you say that some of that fund sometimes goes for political con- 
siderations as well as secret weapons ? 
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Mr. McNeiw. None that I know of, sir. 

Mr. Anruso. None that you know of ? 

Mr. McNew. No, sir. It would be over my dead body if it did. 
[ would like to think that we in Defense are trying to do that job in 
such a way that our credit is good. Our credit can only be good with 
this Congress if we clo the thing as well as we know how, and live up 
to our oral as well as Written commitments. 

There was a time some years ago that departments in the executive 
branch were given very limited leeway. In today’s operations, 
whether it is operating aircraft, ships, research or any other facet of 
our work, to meet today’s conditions you have to have some flexibility. 
The only way we can get it through Congress—and to keep it—is to 
treat it right when we get it. Congress has been good enough to give 
usan emergency fund, give us some latitude and leeway. 

We would like each year when we come back to Congress to have 
them think we have done a good job as to how we have used it. 

Even if we didn’t want to, we have a very selfish reason for trying 
todo this thing as well as we know how. 

Mr. Anruso. I am very much satisfied with that answer. Let me 
ask you this: Is this the same fund that the Secretary of Defense 
saw fit only a few days ago to refund a great part of it that he didn’t 
use, and therefore he refunded it‘ Is this the same fund? It was 
reported in the newspapers that the Secretary of Defense had a secret 
fund, an emergency fund, and that he used only about $3 million of 
it and returned the rest. 

Mr. McNew. No, that is another account. The specific title of that 
appropriation is “Contingencies, of Defense.” That isa 
much smaller amount. It is $80 million. 

Mr. Anruso. About $90 million ? 

Mr. McNew. No, $30 million. That is for use to take care of very 
unusual situations around the world. Several years ago there was 
an occasion in Europe where it seemed that by moving—on a timely 
basis—some material, there might be a defection, and there was. 
That is the kind of a thing it has been used for—moving certain 
equipment and material where the use of regular appropriations of 
the Army, Navy, and Air Force would have been known to everybody, 
before it was time. Second, there might even have been a legal ques- 
tion as to whether it was a proper use of a particular appropriation at 
that time. 

Frankly, we have a commitment, an oral commitment, with the Ap- 

ropriations Committees, that we aren’t going to use this fund unless 
it is something of that particular type. But it does not deal with 
research in any way, shape or form, or procurement in any way, shape, 
orform. Neither do we want to use it for political purposes, although 
in the instance I mentioned perhaps it did have international implica- 
tion. But in the research and development account and the procure- 
ment accounts there is none of that fund used. 

Mr. Anruso. That $30 million fund sometimes is used for political 
considerations and for secret operations? 

Mr. McNet. Secret operations, but no political considerations—if 
Icould say it that way. There was some early work we wanted to 
do some time ago to see what the opposition was doing with missiles, 
the results of which are reasonably well known at the moment. 
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Mr. Anrvso. I think it is very commendable that the Secreta 
did not find some excuse to spend it when he had no reason to spend it, 

Mr. McNem. Thank you, sir. That is what we are trying to do 

The Cuarrman. At this point I want to say this: We have had lj 
the members of the committee— this is foreign to the Secretary’s tegtj. 
mony—all the members of the committee have had a copy of this 
“Ground Cushion Phenomenon” report, which is a very able report, | 
read it and reread it. I read it this morning early again. Everybody 
has had a chance to look it over. Mr. Fulton has to step out in a few 
moments, because of a bill in another committee. Before he leaves, | 
want to submit it to you. 

Mr. Futon. I move its adoption. 

Mr. Anruso. I second it. 

The Cuairman. It is duly moved that it be adopted and duly 
seconded. If there is no dbtvethos, the committee report entitled 
“Ground Cushion Phenomenon” is hereby adopted as part of the com. 
mittee report. I want to thank Colonel Schuppener who prepared 
this report; he is doing a good job for the committee. Not only is it 
well prepared, but it isso prompt in its preparation. 

If there is no objection, it is adopted. 

(No response. ) 

Mr. Secretary, I am going to ask you a few questions. You referred 
here to obligational authority of $48 billion. You didn’t say, however, 
what portion of that was for research and development—$48, bil- 
lion. It is on page 12 of your testimony. What part of that is re 
search and development ? 

Mr. McNetu. The total would be about $4,700 million. 

The Cuarrman. For research and development ? 

Mr. McNet.. And tests and evaluation. But the big part of that is 
test and evaluation, and the big part of the difference between the 47 
and 3.7, which we discussed here as being in the bill, was the difference 
in the Zeus program, which I think has been discussed before this 
committee in closed session. 

The Cuarrman. Test and evaluation, you would consider that scien- 
tific; wouldn’t you; scientific testing ? 

Mr. McNeru. We are trying to put everything into that account, in 
that category, that does not, when delivered, give us something that the 
“troops” can use. 

The Cuairman. If it isn’t test and evaluation, it becomes opera 
tional. In other words, if you approve it after your test and evalua- 
tion, then it is an operational weapon, isn’t it? 

Mr, McNetn. Yes. I don’t want to be too technical at this moment, 
but we believe the basis for classification should be somewhat different. 
We tried for a long time to make this division on the basis of a de 
cision that something would be operational or still continue in re- 
search. But that doesn’t give you a very good answer. So we are 
now coming around to the thinking that the easiest and the sharpest 
way to define these two areas is put into procurement everything you 
buy that you expect will go to the fighting forces, or go into invento : 
And, those ‘things you plan to use for development and test will be in 
R. D. T. & E. 


The Cuarrman. Isn’t that really when it becomes operational? 
Mr. McNEtL. Yes. 
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The CuairMAN. You make your decision that your test period is 
over or not—that is, that the weapon or the materiel is ready for use 
by the troops—then it ceases to be experimental and it becomes to that 
extent operational; isn’t that right 

Mr. McNuu. Yes. But unfortunately we have to do our planning 
and budgeing and so forth 1 or 2 years ahead of the time we can make 
that decision. So we have to make it on the best guess of when it will 
oo into inventory. 

° The CHAIRMAN. I can see also you have something like the DC-3 
that would be operational for many years and yet you call it in for 
further tests as to improve that ¢ 

Mr. McNewm. You could. 

The CuarrMan. Then it would become experimental again ? 

Mr. McNem. There we would only consider the extra gadget we 
were putting on the machine as research. 

The CuarrMaNn. Not the basic plane, but simply the part of it that 
is subject to test for improvement purposes / 

Mr. McNet. That is correct. 

The Cuarrman. I want to ask you this: You refer here on page 9 
to laboratories and test facilities. We have already hada request from 
gme of the members of the committee to visit these laboratories and 
these test facilities during the vacation period of Congress. Would 
we have your support and cooperation when the members of the com- 
mittee decide that they would like to visit those laboratories and 
those test facilities in order to acquaint themselves physically with 
what you are doing? 

Mr. McNem. Yes, sir, I think it would be helpful to the Depart- 
ment as well as, 1 hope, to the committee. 

The CuarrMan. I do, too, and I hope the members do avail them- 
glves of that opportunity and of your cooperation. 

I want to know this: Can you tell us here in open session the cost 
for the fiscal year of the following programs: Jupiter, Atlas, Titan, 

| Minuteman, and the Nike programs collectively, and the Nike-Zeus in 
particular ? 

Mr. McNet. I believe, Mr. Chairman, it would be best if that were 

| given in executive session. 

The Cuairman. Can you tell us in open session generally how these 
programs are moving along? Frankly, I think the more we have in 
open session, the better it is going to be. 

Mr.McNem. I agree. First you mentioned Jupiter and Thor, I be- 
lieve, was it, sir? 

| The Cuamman. Jupiter and Atlas, first. 

Mr. McNzit. The Jupiter, of course, is an intermediate range mis- 
ile, On the basis of our present plans when the number of squadrons 
ind the material for those squadrons presently on order are delivered, 
the program will come to an end. 

In other words, we are not putting more money into procurement 
ofthat article nor on further development of it as such. There will 
be three squadrons when the deliveries are completed. I will take 
these out. of order for convenience. 

The Thor is also an intermediate range missile. Five squadrons of 
those is the limit of the present program. 
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In the case of Atlas, that is a continuing program. I believe it woulj 
be best not to mention the program limits in open session. But it isa 
continuing program and is being pursued as vigorously, I think 
as we know how to get that missile in place and in operation. 
That will continue, I am sure, for several years to come, 
Titan—our present plans call for continuance of that. Ag yo, 
know, it was started pretty much as a backup missile to the Atlas 
Very naturally it is running some time behind the Atlas. It has] ay 
told, some very excellent characteristics, and development will cop. 
tinue. The present plans call for deployment of some units, but agaiy 
somewhat later than Atlas. 
The other missile you asked about was Minuteman. Minuteman js 
still largely in the development stage. It is not in the produetigy 
stage as yet. But it is being pursued vigorously because of its solid 
fuel characteristics. 
The Cuarrman. Do you have any statement on the development 
that you can give publicly ? 
Mr. McNeu. I think, sir, Dr. York discussed that, and I don’t be. 
lieve I should go any further on that. 
The Cuatrrman. What about the Nike program ? 
Mr. McNett. In the Nike program, of course, the Ajax was th 
first short-range surface-to-air, antiaircraft missile. That is essep. 
tially complete. 
The Cuarrman. That is operational? 
Mr. McNett. That is operational. The Nike-Hercules is becoming 
operational, with some units already in place. That is an antiaircraft 
missile also. That is one of the missiles that is involved in the reeval. 
uation of the air defense system now underway and which Secretary 
McElroy expects to bring to Congress in the next few days. 
The Nike-Zeus, of course, is entirely different—there is the worl 
“Nike,” but other than that, there is very little similarity. 
The Cuatrman. Before we get into the Zeus, the controversy on the 
Hercules is with the Atlas? 
Mr. McNett. No, sir, it is with Bomarce. 
The Cnarrman. That’s right. That will be disposed of by a decision) 
in a few days? 
Mr. McNett. Yes, sir; I think a plan will be presented in a few days 
which will be at least the recommendation of the Department. As 
you know, the House Appropriations Committee, when they were re 
porting the bill to the floor—and the floor supported them—redueed 
the procurement dollars for Bomare. In the Senate the Construction 
Committee deleted some of the authorization for Nike-Hercules re | 
quested for 1960 and asked that construction for 50 batteries that were| 
not yet under contract—authorized for 1959—be withheld until a de 
cision was made as to the use of Bomare or Nike or the combination’ 
of the two. 
The Carman. This committee was put at a disadvantage, to, 
when that report came in because we had not at that time been prop! 
erly informed as to the Bomarc. I say “properly” —we had not been 
informed as to the capabilities and the amount of development on the 
Bomare missile. 
Consequently we were got in a position to debate it on the floor. Thi 
committee, by the terms of section 17 of the rules, specifically is give, 
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astronautical research and then scientific research and development, 
and specifically given it. Yet as a legislative committee, we were in 
the dark more or less on the Bomare. 

Mr. McNet. My late Sunday night reading was the report of your 
hearings with Dr. York. I notice you discussed that problem. 

The CHamrmMan. That’s right. But I merely want to call it to your 
attention. How about the Zeus now? 

Mr. McNem. The Zeus, of course, is being designed as an antimissile 
missile. It is in the development stages as yet. 

The CuarrMAN. This committee does know about the Zeus because 
we went down to Redstone and spent 3 days there. I think every- 
body on the committee would like to know as much as you can tell 
them about the status of that Zeus development. 

Mr. McNew. I would like to first make this statement as far as 
these missiles are concerned. Frequently we talk about a missile, 
but we are really talking about a missile system. The difference, for 
example, between Bomare and Nike-Hercules is a difference in the 
basic approach. It isn’t just a difference in the missile itself. 

When we come, of course, to the question of Nike-Zeus, it is a very 
very much more involved and complicated problem than anything that 
has ever been done before. We are trying to deal with the tremen- 
dous speeds of incoming missiles and to predict where to meet them— 
calculate the speeds, distances, direction, and track. 

There are many who think it will take some time to do it. Others 
are more optimistic. But it is still a matter of some time away. At 
the moment, while there are some people who would like to go into 
production I think as of this very time, the consensus among informed 
people would be that it still should be pressed vigorously but in its 
development stages. 

It is not ready to go into production. 

The CuarrMan. Is it suffering from lack of money at this time from 
your Department ? 

Mr. McNet.. There again, I think as Dr. York indicated, it would 
bea matter of judgment. You could find those who think it does not 
have sufficient financial support. I again believe the consensus among 
informed people is that it is amply supported at the moment. 

If it were not—as we discussed a minute ago—that could be a ve 
roper use of some of the emergency fund assets that we have unused. 
Bo we think we are in shape to finance it as rapidly as it is possible to 
push it and still be the least bit prudent about it. 

The CHatrMaN. You hold the money bags down there. You are, 
in other words, telling us in the event they need more funds, you are 
prepared to see that they get the money ? 

Mr. McNetu. It can be arranged, sir, I think. 

Understand, I don’t make these decisions. Once in a while I have 
a comment to make and they may not pay any attention to it. But 
we try to see that all these competing programs are kept in line, fit 
together, and are financed within the total that Uncle Sam chooses to 
spend in a given year. 

The CHarrman. To what extent, if any, can the $300 million in- 
cluded in the current appropriation bill for the Army modernization, 
to what extent can that be used for additional research and develop- 

. ment on the Nike-Zeus ? 
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Mr. McNet. The House added $200 million. Is that the item you 
are speaking of, sir? 

The CuarrMan. I am referring to a $300 million item. 

Mr. McNew. The $300 million, the only item I can identify fy 
that is the amount in the bill—— 

The Cuarrman. Can it be used for Nike-Zeus production, for jp. 
stance. 

Mr. McNet. If you are referring to the amount added by th 
House it could be, yes, if needed. In other words, the language of thy 
bill is flexible enough that if one chose to put $50 million, $100 million 
into production, for example, for Nike-Zeus, the production money 
for the Army is available. It might mean that you could not pu. 
chase certain tanks, trucks, or some other type of equipment uti] 
you presented the matter to a succeeding session. 

The CuatrmMan. That gives you $300 million anyway available jf 
you want to put it behind the Zeus program ? 

Mr. McNei. You could. 

The CuHarrman. I want to ask you this: What are the pro 
amounts for research and development through fiscal 1960 for mil- 
tary satellite programs? 

Mr. McNet. I may have to provide that. I don’t believe I have it 
right here at the moment. I can provide it. Of course, most of it 
would be in Air Force and in ARPA. May I provide that answer for 
the record ? 

The Surely. 

(The information requested is as follows :) 


Estimated amounts programed for military satellite programs through fiscal year 
1960 (as of May 31, 1959) 


{In millions of dollars] 


Fiscal year | Fiscal year 
1959 and 1960 Total 
prior years estimates 


10.0 0 10.0 
Military space projects including such projects as Discoverer, 
Sentry (advanced reconnaissance satellite) and Midas_-_..--- 485.0 307.0 792.0 


1 Transferred to NASA. 


The Cuatrman. I will ask you this. Before the Symington sub- 
committee in the Senate, Admiral Hayworth protested about the De- 
partment of Defense practice of level funding from year to year for 
research and development. Is this the practice or the policy of the 
Department of Defense? How do you justify that? ; 

Mr. McNett. No, it is not the practice. As I mentioned a minute 


ago, sometimes people can get that impression because if you ar , 


going at a certain level you don’t, perhaps, double the general level, | 


next year. It might go up 5 percent or 10, or down 10. But the 
whole program isn’t cut in half or doesn’t double. 

So the changes shouldn’t be drastic. I wish some of these people 
who make these comments would only do a little homework and 4 
little studying. If he would look at the records of the Department as 


ag 
| 
4 4 
| 
| 
| 


BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 6 


| 


a whole or of the Navy Department, he would find what I said here 
a minute ago, that the total for research development, test, and eval::- 
ation has gone from $314 billion to $6 billion since 1955. If anybody 
calls that a level program, then I had better go back to school. It is 
certainly not level. 

The Cuairman. I grant you that. It is an increasing program. 

Mr. McNetu. Yes. 

The Cuarrman. I think you are thoroughly justified in increasing 


it. 

Mr. McNew. I think if you will look at the record, the Navy has 
shared in that increased amount. 

The Cuarmman. What administrative requests, reviews and so forth 
must be taken within the Department of Defense before money is 
spent? I wish you would explain the process there, after you get the 
money, how it goes through in order to trickle down to a usable level ? 

Mr. McNew. The basic process, of course, is outlined in law. Once 
an appropriation has been made, the President signs the bill. The 
next step, of course, is the apportionment process, where the money 
is apportioned—released for use—by the Director of the Bureau of 
the Budget. 

Required for an apportionment usually is revalidation—reaffirma- 
tion if you want to call it that—of the plan that was included in the 
budget. Of if there are any substantive changes, it takes agreement 
in the executive branch that this revised plan is the one that is to be 
carried out. 

However, you don’t wait until after the appropriation bill is passed 
todo this. Right now there are some changes we are discussing with 
the Bureau of the Budget and perhaps with the President in two or 
three instances, where there could be changes of substance this fall. 
So when an appropriation is passed you can make the apportionment 
very quickly if a lot of this work has been done in advance and the 
program is firm. 

The detailed mechanics are a bit different for various types of ap- 
propriations. For example: Construction, where each individual line 
item is apportioned; procurement, where the major items are appor- 
tioned on specific programs; research, where the apportionment is by 
broad category. 

However, in 1952 the Congress included language in the appropria- 
tion bill which in effect is permanent, which provides that obliga- 
tions for research and development shall be made only upon the basis 
of a schedule of obligations approved by the Secretary of Defense, 
based on recommendations of what was then the Assistant Secretary 
for Research, and now, or course, the Director for Defense Research 
and Engineering. 

I think Dr. York discussed that briefly the other day, mentioning 
the two times a year when they reviewed more or less the whole pro- 
gram—once at the time the budget was prepared, and the next at the 
time preparations were made for apportionment. That is going on in 
his office at the present time. 

The Cuarrman. That is, apportionment is going on? 

Mr. MoNet. Reviewing the plans preparatory for apportionment. 
Based on that, he would recommend to the Secretary that the appor- 


tionment be made, and obligations be permitted for the broad classes 
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pretty much as I outlined them in the (@) to (h) category here today, 

The Cuarrman. Who puts a ceiling on these funds when they are 
apportioned? Do you do it as Comptroller? 

Mr. McNet. Of course, the ceiling first is the appropriation. Yoy 
can’t spend more than is appropriated or available. This year ther 
were no funds withheld from any department in the research and de. 
velopment accounts. At times, in the past, particularly when some 
part of a program had not been firmed up and until it was, the funds 
for that portion were not released. It so happens, however, this year 
the funds were released in full. I believe however, there were threg 
or four projects, several projects, that the Army, Navy, and Air Fores 
were instructed not to proceed on until they had been cleared with the 
Assistant Secretary for Research, or the Secretary himself. Thea 
portionment moved very promptly this past year, and apparently wil] 
this year. 

The Cuamman. Do you feel, as Comptroller, personally responsi. 
ble for the progress of these research and development programs? 
Mr. McNen.. Not specifically, no. Naturally, I think the several 
Secretaries under whom I have served have asked that we work to 
see that certain parts of that program are tied in with other things 
that we are doing. The final decision on research, however, has to be, 
I think, by the Secretary himself. 

The Cuarrman. Where does the responsibility rest then finally 
on the Secretary or on you or on the technicians ? 

Mr. McNem. On thé Secretary and the principal adviser there, who 
of course is now Dr. York. 

The Cuarrman. So Dr. York would really have a personal respon- 
sibility then, rather than yourself, for the progress of these programs? 

Mr. McNet. That is correct. But, of course, it is really quite an 
involved process in this respect, that within the Navy, within the 
Army, and within the Air Force a lot of soul searching has to be 
done in the preparation of the original plans and in the carrying out 
of them as to whether aircraft are needed immediately, or do you look 
forward to the future? What I am trying to say is you try to work 
the best balance between missiles and aircraft, between research and 
the procurement of goods to use. You don’t just spend all your 
money for research, all your money for procurement, but you en- 
deavor to get the best balance between these things that you can. 
That starts within Army, within Navy, and within Air Force. 
The Cuarrman. Then it builds up, and it finally comes to Dr. York? 
Mr. McNew. That’s right. 

The Carman. Then when he decides it you accept his decision. 
Is that substantially it? 

Mr. McNet. That’s correct. As a matter of fact, we try to work 
a little bit as a team. If we have information, which we have some- 
times, as to what is going on in the procurement side of the picture, 
which we don’t think he has, we give it to him. But he is primarily 
responsible for pulling together the research field. 

he Cuatrman. You take his decisions and you don’t interject a 
personal responsibility there to curb his recommendations? 

Mr. McNew. That is correct. However, if there are differences, 
within the Department—and that doesn’t apply to me alone—whether 
it is between the Chiefs, or one department versus another, or the vice 
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resident of research, that then becomes the Secretary’s problem. But 
we endeavor to work it out asa team. But he has to be the focal point 
for the decision. 

The CuairMan. The same applies to the Secretary of Defense. He 
jsrelying on Dr. York? 

Mr. McNetu. That is correct. 

The CHarrMAN. I know he has got the veto there. 

Mr. McNett. That’s right. 

The CuamMan. Mr. Hall, you wanted to ask some questions ? 

Mr. Hauu. At the time I wanted to ask the questions you were re- 
ferring to the Nike-Zeus and Nike-Hercules and Nike-Ajax programs, 
Mr. Chairman. 

The CuarrmMANn. Mr. Hall was down there when we checked into 
the Nike program. 

Mr. Hatt. When the Department of Defense comes to consider 
the abandonment of a particular program, what weight is given to 
the investment that has already been made in that program? 

Mr. McNem. A great deal, although there have been instances— 
and I think the Navajo missile was one—where finally the additional 
amount you have to put in to get it, and where time has bypassed the 
product you are trying to develop, enters very strongly, too. But 
certainly if the product is usable, investment in it to date has a great 
weight. If it doesn’t appear to have much use, then the quicker you 
get out of it the better. 

Mr. Hatz. What I have in mind particularly is the Bomare pro- 
gram where, I believe, in order to fully develop and make that system 
operational we would have a prospective additional investment of 
something like 344 to 314 times the investment that we already have 
in the program in addition. 

I wonder if some of the agencies might at times do like a gambler at 
Reno, who has to go out and start selling his personal possessions to 
recoup his losses. As I understand this Bomare program, there has 
been no suggestion that I have heard that it could be operational, in 
the beginning of the operational stages, within less than 2 years 
from now. 

Is that approximately right ? 

Mr. McNett. There is the Bomarc-A, and there is its more advanced 
version, the Bomare-B. 

Mr. Hatz. That is actually what we are talking about now, is it not, 
the Bomarc-B ? 

Mr. McNem. The program for Bomarc-A, as laid out, has not been 
completed and is not yet fully in place. However, that will go ahead 
and will be in place before the time period you mentioned. 

On Bomarc-B, your estimate of time may not be too far wrong. 

Mr. Haun. Even if that is the beginning of the operational stages, 
it would be at least 18 months to 2 years from that time before it could 
be fully operational. 

Mr. McNew. The full system. 

Mr. Hatt. That is the entire system. 

Mr. McNew. The system comes first and the scope of coverage may 
bedifferent. Youcould do it ona periphery basis. 

Mr. Hatx. So that would be a minimum of, say, 1963 until the sys- 
tem is fully operational ? 
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Mr. McNem. That could be. 

Mr. Hat. That is assuming that everything went along as planng 
and there were no bugs involved and weren’t any strikes or delays g 
any of that sort of thing. 

Mr. McNe. You may plan to try to beat that a bit. 

Mr. Hau. That system, I believe, is designed for, and can be ugeg 
only for, antiaircraft defense. 

Mr. McNew.. That is correct. 

Mr. Hatt. It cannot be used for antimissile defense ? 

Mr. McNeu.. That is right. 

Mr. Hau. On the other hand, the Nike-Hercules program which jg 
presently operational 

Mr. McNet.. It is just going into place now at some locations, 

Mr. Hauy. Nike-Ajax is operational ? 

Mr. McNet. That is right. 

Mr. Haury. And the Nike-Hercules is replacing to some extent the 
Ajax system, and a further development of a portion of that system— 
I am speaking of a portion of that system—is the Nike-Zeus. 

Mr. McNen. I think you will find, sir—I am not a technical ex 
but I listen to these things a great deal—I think you will find that 
Nike-Zeus is just a different animal. 

Mr. Hau. It is a different animal in that if we have got For 
automobiles we have got a T model and we have got a Mark IV or 
whatever this new Lincoln is made by the Ford Motor Co. T 
are actually the same basic car from the beginning to the end, wi 
developments as it progressed along. 

Mr. McNew.. But the problem is not always with the missile itself, 
The problem is in the rest of the system. There, there is no 
similarity. 

Mr. Hatt. I understand that. You used the term “peripheral de 
fense,” I think, and that is what you have in mind so far as the 
Bomarc system is concerned. But the Nike-Hercules system could do 
the job almost equally well by more emplacements; could it not? 

Mr. McNet. I think as to the technical capability of the two, it 
might be well for this committee to go into this in some detail. 

Mr. Hatt. The reason I am bringing this up at this time, Mr. 
Secretary, is because we don’t have time to go into detail. The de 
cision is going to be reached by your Department within the next? 
weeks, 

Mr. McNet. Everything I could find about it, sir, indicates that 
there are many things that Bomarc can and will be expected to do, 
that Hercules will not do. There are things that Hercules can do and 
perhaps do better or cheaper than some things Bomare will do. 

Mr. Hat. I am purposely trying to avoid too much discussion of 
these particular systems becaus I know we get into classified stuf. 
Dr. York, I believe, testified before the committee that there were 
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certain component parts of the Nike-Hercules system that could be 


used in the Nike-Zeus system. 

Mr. McNew. He also said they were negligible. 

Mr. Hatz. When we start considering the amount of money that 
is to be expended, even a negligible part can be a considerable sum 
of money. 

Mr. McNet. I agree. 
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Mr. Haut. He also said that the crews that had been trained to 
operate the Nike-Hercules, Nike-Ajax systems, could easily be re- 
trained so that with a little further training they could shift to the 
Nike-Zeus system, I believe, whereas in the Bomare it would require 
complete training of new crews. As I understand also, those crews 
would have to be trained by contractors and not by inservice training. 

Is it not true that the Bomarc system, under our present plans and 
uder the Department of Defense expectations as to the continued 
use of manned aircraft, will not be completely operational prior to 
the time that we would expect manned aircraft out of use except for 
limited warfare ¢ 

Mr. McNetz. As to your last assumption, I believe we would find 
4 many who would believe quite strongly that manned aircraft 
ee with us for a long, long time beyond that—perhaps not in any 
increasing number, but they will be with us for a long time and the 
threat would be mixed and not necessarily just one kind of weapon. 

However, I think one has to take the possible range of Bomarc into 
consideration, and, of course, whether you or the other person will use 
standoff missiles. You want to keep them pushed out as far as you 
can. That is one of the considerations. 

Mr. Hatt. If you hit one when you shoot, if you are 100 miles 
away from the target, I can’t see that it is going to make much dif- 
ference whether you are 200 miles or 100 miles or 300 miles, because 
they have got a limited range. They have got to be within the area. 

Mr. McNem. Right. 

Mr. Hatz. They have got to be within what we now consider close 
proximity to the target accuracy by either system. 

Mr. McNew. If without unreasonable expense you can keep them 
that much farther away, I believe it is the consensus that you should. 

Mr. Hari. As I understood from Dr. York, too, we now have in- 
vested in this operational Nike-Ajax and Hercules about one-tenth, 
without revealing the figures of sa the anticipated cost of the Bo- 


mare system is. 


Mr. McNem. I think there is some error there—some misunder- 
standing there. 

Mr. Hari. Let me qualify that statement. He might have stated— 
and I guess he did state—that that did not include the purchase of 
real estate itself where the systems are installed. 

The CuarrMan. Or the installations, I believe. 

Mr. McNetn. Real estate as such is a small item in both of these 

ms. Communications, radar, are, of course, the big portions of 
the cost. Again one has to think of what kind of a program we are 
talking about in connection with Bomarc. Does it cover the country ? 
You can’t separate Bomare from the Sage system. Then you have 
to think—well, if we don’t have Bomarc, we might not need Sage; 
but if you depend on interceptors for the next few years, you would 


| probably spend considerable of that saving—not precisely the same 
amount—for aircraft control. 


It is a difficult problem. The question is a very good one, and 
certainly it is the kind of question that a Comptroller keeps bringing 
up constantly inside the Pentagon. Unfortunately, he gets answers 
that point to the fact that both systems seem to have merit under cer- 
tam conditions and both have some limitations, so perhaps a combina- 
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tion of the two gives the best answer. But perhaps neither systep 
is as extensive as their individual proponents would like. I don’t say 
that just to get a compromise solution. 

Mr. Hart. What bothers me is I am afraid we are going to gir. 
too much consideration to the amount that has been invested in gon, 
of these systems when we are trying to decide as to whether we ap 
going to continue with that system, even though we recognize the fact 
that it is poor quality, or that it won’t do the job. 

Mr. McNet. That can happen, of course, sir. 

The Crarrman. Will the gentleman yield at this point? As TI yp. 
derstand, then, the Secretary feels that both systems are necessary 
and that they probably will not be as expensive as 

me McNetu. As some of the forecasts that have been made, that’s 
right. 

The Cyaan, As some of the statements have indicated they 
might be. 

Mr. McNet.. Right. 

The Cuarrman. In that event we would have a continuation of both 
programs. Would that mean any lessening of the desire to push the 
Zeus program ? 

Mr. McNett. No. But there is a possibility, of course, the scope and 
coverage won’t be quite what some people have advertised, or would 
like to see. 

The CuarrMaAn. What do you mean by the scope and coverage? 

Mr. McNett. How many missiles you have in how many units over 
what area. But that is something I believe the committee might be 
most interested in as soon as the Secretary can complete the current 
studies, which should be within the next few days, at which time] 
am sure 

The Cuamman. We were thinking we might be looking a little bit 
under the tent there and find out what is coming out. 

ee I wouldn’t mind having a little advance information 
myself. 

The Cramman. I thank the gentleman for yielding to me. 

Mr. Hau. That is all, Mr. Chairman. 

The Cuatrman. Mr. Anfuso. | 

Mr. Anrvso. In other words, this Nike-Zeus program has not been 
abandoned as far as the Department of Defense is concerned! 

Mr. McNew. Oh, no; no, indeed. 

Mr. Hatz. That has nothing to do with it. 

Mr. McNett. Nike-Zeus is being pressed as vigorously as competent | 
people believe it should be at the moment. 

Mr. Anruso. Is there agreement now between all of the departments 
on that subject ? 

Mr. McNem. Astothe level of effort? No. 

Mr. Anruso. No. As to the advisability of pushing the Nike-Zeus 
program. 

Mr. McNew.. Yes; I know of no one who doesn’t believe that we | 
should make a real effort to have some kind of an antimissile-missile 
defense. This is the only system we are pressing at the moment. 

Mr. Anruso. You say the Secretary of Defense is now preparing | 
a memorandum as to how far we should go in that program! 
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Mr. McNe. It will deal primarily with the question of air defense 

ainst aircraft, let us say, with particular reference to the Bomare 
missile, which is an Air Force missile produced by Boeing, and the 
Nike-Hercules missile—both antiaircraft missiles, not solely antimis- 
ile missiles. 
<4 arono. To put it bluntly, is the Secretary of Defense going 
to follow the Army version of developing the Nike-Zeus? 

Mr. McNei. That is the one that is being supported at the present 
time. There are no competing systems in the program. 

The Mr. Hechler. 

Mr. Hecuter. I yield to Mr. McDonough, because I want to depart 

e subject. 
soa: Do you think we need both the Hercules and the 
Mr. McNew. They are not competitive in any way and cannot be 
compared. One is an antimissile missile, which is very high speed, 
has to deal with very, very high-speed targets, requires very compli- 
cated computers, and so forth. There may be a few parts of the mis- 
sile particularly that might be used later in developing the missile 
rtion of the Zeus system. But it is really distinctly separate. 

Mr. McDonovuau. The Zeus is the antimissile missile ¢ 

Mr. McNei. Yes, sir. 

Mr. McDonovueu. You think we need that and the Bomarc ? 

Mr. McNexw. The Bomare is an antiaircraft missile. It is not an 
autimissile missile and never will be. The Nike-Hercules is also an 
antiaircraft missile. It, in itself, will never be an antimissile mis- 
sile, So we have two antiaircraft missiles—the Bomare and the Nike- 
Hercules. 

Mr. McDonoven. Dr. York was here the other day and said he be- 
lieves the Bomarc performed a function tht the Zeus couldn’t perform, 
and vice versa. 

Mr, McNem, That is right, 

Mr. McDonoven. The Bomarc had a much greater range. Up to 
the present time, we haven’t anything that gives us an equal range, 
and therefore we need it. 

Mr. McNriz. The Bomare is, in effect, an unmanned interceptor, 
not quite as long-range as an interceptor, but it is really an unmanned 
interceptor. 

The Cuarrman. Will the gentleman yield? As your manned 
bombers fade out—assuming that is the case—then the need for the 
Bomare would fade out, wouldn’t it ? 

Mr. McNem. That is correct, and the Hercules as well. 

The Cuamrman. Then you would have to rely upon something like 
the Zeus ? 

Mr. McNew. The Zeus will be an antimissile missile. 

The Cuarrman. So that would be answered in the affirmative, then. 
You would begin to rely on something of that sort. 

Mr. McNew. That is right. 

The Cuarrman. Unless you have a ray that could bring these mis- 
siles down. 

Mr. McNrtu. I believe the consensus would be that for some time 
tocome, while the threat may not increase, as far as aircraft are con- 
cerned, they will be with us. 
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The Cuarrman. Even after the missile program is well establisheq) 

Mr. McNet. No two forces probably should ever develop weapon 
in the same quantities percentagewise as their opposition. But og. 
tainly we are keeping aircraft, and will for some time to come, yj, 
are buying more B-52’s, you know, asking for money to buy moy 
B-52’s in the 1960 budget. 

So they will be delivered 2 or 3 years hence—and certainly we be. 
lieve that the manned bomber will have great usefulness for some 
time to come. 

Mr. McDonoveu. How far off the boards and into the practic] 
operational field is the Zeus at the present time? 

Mr. McNem. Several years. It is in the development stage noy 
It will be there for a while longer, I think. 

Mr. McDonovez. Is it only theory that it is an antimissile mis 
sile now, or have we practiced it to know that it is? 

Mr. McNem. There are no tests as yet. It is in theory, By 
actually there is a great deal of work that has been done on pieggs 
of it. There are people who believe very strongly it will be a practi. 
cal possibility in several years. Some are not so optimistic that you 
can do it that quickly. 

But it is in the research and development stage. 

Mr. McDonoveu. Is that the furthest advance we have made on an 
antimissile missile at the present time ? 

Mr. McNett. Yes, sir. 

Mr. McDonovuen. The Zeus. 

Mr. McNett. Yes, sir. 

Mr. Will the gentleman yield? 

That is the only one that we have, is it not? 

Mr. McNet. Yes. There are other ideas kicking around in de 
velopment, but it is certainly the most advanced. It is the only anti- 
missile missile that we have. 

The Cuairman. Interrupting the testimony a moment, we are going 


to adjourn at 5 minutes to 12 because we have a matter coming 


up on the floor. Go ahead, Mr. Hall. 

Mr. Hauu. That isall. 

The CuarrmMan. One more thing, I think Dr. Larkin H. Farin. 
holt, Deputy Adviser to the State Department, is here waiting to 
testify. For that reason, since we do have to adjourn promptly, we 
will not be able, Doctor, to get to you this morning. If we could, we 
would like sometime next week to call you for your testimony. Thank 
you very much. 

Mr. Hechler. 

Mr. Hecuter. Mr. Secretary, I still don’t quite understand, r- 
lating back to your earlier testimony, the precise difference between 
contingency and emergency fund. I wonder if you could define that 
a little more precisely ? 

Mr. McNet. The contingency fund, percentagewise, is a small ap- 
propriation granted to the Department of Defense for use by the Sec- 
retary for confidential and other purposes. Legally it can be used 
for just about anything, but we have oral commitments with the 
Congress that we will use it only for certain classes of things. 
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The expenditure is valid and legal on certification of the Secre- 

In other words, it has no legal restrictions for its use. In 

the last 8 or 10 years a small amount of money of that kind has 

been very important to take care of very unusual situations that 
normal appropriation budgets can never touch. 

Earlier I mentioned a matter here where we wanted to give military 
material support to a place that was going to break away, we thought. 
We might have done it through the military assistance program, but 
everybody in the world would know it before you were ready, so it 
could be better done this way. 

Once in a while something of that kind comes up. 

Next, there are years in which very, very little is used. It is just 
for strictly emergency situations, emergencies of that kind. 

The emergency fund, so labeled, has, up until last year, been used 
strictly for research and development breakthroughs. That is all it 
wasfor. The legislative history of the appropriation limited it to that 

urpose. Let’s say, we might need a new transistor and if the Army, 
avy, and Air Force had programed all their money—allocated it 
to other projects—we would use the emergency fund to get it started 
until the regular appropriation could pick it up. 

Or you might have a test you wanted to carry on, say in the Pacific. 
Last year or 2 years ago we used a little of it to carry on part of an 
atomic test, funds for which had not been provided in the original 
budget. Last year, however, Congress broadened the scope of this 
emergency fund so it could be used for procurement for example, of 
some new item that was not ready in the previous year. For example, 
in the Polaris program a few more Polaris missiles were ordered last 
year than were in the original budget through the transfer of money 
from other appropriations within the Navy, other procurement appro- 
priations. I think it was about $22 million that was transferred to 
the Polaris program through the use of the emergency fund. The 
funds were in the Navy but in the wrong appropriation. 

The same thing could happen next year in the Air Force. Next 
year the Air Force will have three procurement appropriations, one 
for missiles, one for aircraft, and one for all other procurement. If 
there is something that is really hot that you should expand a little bit, 
it would be possible by moving money through the emergency fund, 
under the transfer authority, to take say $20 million from the aircraft 
account and move it into the missile account, without increasing the 
total amount of funds available. This can be done only for research, 
development, and procurement breakthroughs. It is not for other 
purposes. 

But this account is labeled “the emergency fund” and the title has 
been on it for 6 or 8 years. 

Mr. Hecnier. Mr. Secretary, I wonder if you could submit for the 
record over the past year the economies that you feel that you have 
been able to achieve in the research and development field by such 
means as work simplification programs or administrative arrange- 
ments that have meant a saving to the American taxpayer? 

Mr. McNetx. I will do the best I can to get that for you. 

(The information requested is as follows :) 
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OFFICE OF THE SECRETARY OF DEFENSE 


Appointment of Director of Defense Research and Engineering 


On December 24, 1958, a Director of Defense Research and Engineering was 
appointed as a step in the implementation of the Department of Defense Reg. 
ganization Act of 1958. 


New appropriation structure for research, development, test, and evaluation 


In connection with the fiscal year 1960 budget the Department of Defense 
with the concurrence of the Bureau of the Budget and approval by the Congregg 
realined the appropriation structure of the three military departments and the 
Office of the Secretary of Defense so that appropriations would be arranged 
under various titles, one of which was for research, development, test, and eyaly. 
ation. In addition to arranging the previous research and development appro- 
priations under a single title, certain changes in appropriation coverage were 
also made. For example, in fiscal year 1960 the initial steps were taken ty 
transfer certain research, development, test, and evaluation “support items” 
from procurement and operation and maintenance appropriations to the new 
research, development, test, and evaluation appropriations. It is anticipated 
that the new arrangement of the budget and the revised appropriation coverage 
will make possible greater flexibility in the utilization of funds to support 
research, development, test, and evaluation programs and to provide for better 
management and more economical execution of the program. 


DOD policy on critical materials 


Department of Defense Directive No. 4000.4 on materials conservation policy 
was revised and issued, effective June 10, 1958. In the new directive emphasis 
is shifted from reduced use of materials in short supply to the more efficient 
selection and use of all materials at all times. 


DOD policy on industrial and commercial technical services 


Department of Defense Directive No. 3232.8, “Industrial and Commercial 
Technical Services,” dated January 14, 1958, was issued and is being imple 
mented by the military departments. The directive provides policy guidance 
and criteria for the employment, use, and administration of industrial and 
commercial technical services (commonly called the Tech Reps program), 


Policy on basic research 


The Department of Defense, recognizing the importance of a strong basic 
research program, on November 12, 1957, issued DOD Directive No. 3210.1, which 
set forth the principles and the Department of Defense policy relating to the 
support of basic research. It is believed that these principles, when fully imple 
mented, will assure an adequate program of basic research for military purposes. 

In line with this policy, the basic and supporting research programs of the 
three departments were augmented through use of the Secretary of Defense 
emergency fund. More than $30 million was provided for this purpose in 
fiscal year 1958 emergency funds, and about $20 million more in fiscal year 1959. 


Performance of research and development work 


This office believes that no rigid rule can be laid down for determining whether 
research and development work should be done in Government installations or 
on outside contract. The policy has been followed of analyzing each problem 
individually and determining where the work can be performed most competently 
at the least apparent cost to the Government. The ratio of in-house work to 
contract work has varied only slightly over a period of years. It was running 
approximately 40 percent in-house and 60 percent on contract until the recent 
establishment of the research, development, test, and evaluation appropriations. 
Since a substantial amount for test and evaluation line items was transferred 
from procurement appropriations the percentage distribution has changed 
to around 30 percent in-house and 70 percent contractual. 


Armed Services Technical Information Agency 


The staff of the Armed Services Technical Information Agency has been con- 
solidated at Arlington Hall Station, Va. Formerly, part of the organization 
was located in rented space in Dayton, Ohio, and part at the Library of Congress, 
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Washington, D.C. Consolidating the entire operation at one location has simpli- 
fied and has improved administrative and management procedures and control, 
and has eliminated the movement of documents between two offices. , This has 
esulted in considerable savings per year in rental fees by using existing vacant 
Government facilities. In addition, total manpower requirements for this oper- 
ation have been reduced by more than 10 percent. 


Identification, classification, and reporting of Department of Defense research 

programs 
Recently it was apparent that certain improvements should be made in present 
systems for identification, classification, and reporting of the “research” pro- 
ams of the military departments, including funds obligated or planned for 
obligation in support of such programs. In accordance with this need, a new 
system was initiated in June 1958. This system represents a substantial effort 
to identify, classify, and report both the “basic” and total research programs of 
the military departments and agencies of the Department of Defense more 

realistically. 

DEPARTMENT OF THE ARMY 


Revision of AR 705-5, “Research and Development of Materiel—Research and 
Development, Type Classification, Modernization of Coding, and Modification 
of Materiel” 

Advancement in the pace and techniques of materiel development, increases in 
the complexity of research and development activities throughout the Army, and 
the almost parallel rate of increase of development costs led to the revision of AR 
705-5, in September 1958, into three separate regulations as follows : eat 

(a) AR 705-6, “Type Classification and Modernization Coding of Materiel. 

(b) AR 705-9, “Technical Committees Functions.” 

(c) AR 705-5, “Army Research and Development.” , 

One of the principal objectives in revising these regulations was to introduce 
and implement new procedures designed to reduce the time required for materiel 
development from concept to type classification, to develop materiel at a rate 
which will obviate its being obsolescent or obsolete by the time development is 
completed. Specific provisions of the new regulations which are designed to 
reduce the development period deal with the following : a7 

1. Establishment and subsequent review of military characteristics. 

2. Assignment and subsequent review of priorities. 

8. Testing sequence and the overlapping or concurrent conduct of tests or 
other steps in the development cycle. 

4. Use of standard commercial parts and components. 

5. Communication, including visits, among Army agencies and between Army 
agencies and contractors on research and development actions. 


Standardization of distribution of technical reports 


At the U.S. Army Electronic Proving Ground, Fort Huachuca, Ariz., the prep- 
aration and distribution of technical reports by the six operating departments 
was not accomplished in the same manner, and it was evident that a study of the 
various methods was necessary. The results of the study was the development 
of an operating procedure which standardized operations and resulted in a 40 
percent reduction in time and effort and effecting an annual savings of approxi- 
mately $53,550. 


Reduction in time required to publish reports 


The U.S. Army Transportation Research and Engineering Command (USA 
TRECOM) in October 1958 initiated a procedure to reduce the time required to 
publish research and development technical reports. This procedure results in 
a 30 to 90 days’ savings, thus keeping the field agencies in closer cognizance of 
current Transportation Corps R. & D. efforts. 


Eapediting the development cycle of an end item 


The associated project engineer concept is a management technique used by 
Chemical Corps to expedite the development cycle of an end item. A team 
composed of members from the research, development, engineering, and procure- 
ment elements “control” the item from concept to production. As the need arises, 
a representative from the user element is added to the team to assure the item 
satisfies the requirements of the combat soldier. 
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Standardization of material within the Ordnance Corps 

Accomplishments in the standardization area include the issuance Of a series 
of revised specifications and new military standards for vehicles. These docy. 
ments reflect a reduction in the number of classes and types of vehicles authorizeq 
for procurement from 177 to 53. In the automotive secondary items field, oye, 
100 items, including switches, priming pumps, speedometers, and fuel filters, haye 
been eliminated. In the missile field increasing attention is being given to the 
screening of components for the purpose of using standard parts wherever 
possible. In the first half of fiscal year 1959 a total of 1,500 items of all types 
has been eliminated through standardization activities. 


Streamlined procurement procedures 

(a) The USA TRECOM initiated a management study in February 1959 de. 
signed to determine actions that could be taken to streamline procurement pro. 
cedures. The study has been completed and recommendations implementeg 
which resulted in improved efficiency. Crash actions in critical areas of pro. 
curement such as programing, funding, requirements, and scheduling were mini. 
mized with resulting efficiency by reorienting administrative procedures and , 
system of prealert of key personnel to principal procurement actions required 
to be performed on an accelerated basis. 

(b) Supply programing in the Chemical Corps has resulted in contractua] 
negotiations for such items as propane gas, nitrogen, argon, liquid chlorine, kale 
for animals, and rhesus monkeys during fiscal year 1960 at prices below current 
year prices. This action will result in a saving of approximately $25,000 for 
fiscal year 1960. 


Construction of wooden instrumentation tower for testing electronic counter. 
measures equipment 

The U.S. Army Electronic Proving Ground, Fort Huachuca, Ariz., designed and 
built a testing tower which partially eliminated the necessity for the use of 
artillery projectiles for the testing of electronic countermeasures equipment. The 
use of this tower will reduce the ammunition expenditures by 30 percent. Based 
on a 2-year experience, the 30 percent savings will represent a savings of $620,00 
per year. 
Development of artillery projectile burst time recorder 

In connection with countermeasures tests conducted at the U.S. Army Elec 
tronic Proving Ground, it was necessary to fire thousands of rounds of artillery 
ammunition to determine data on the time that an artillery howitzer, mortar 
or field pieces was fired and the time that the projectile exploded normally, as 
well as the time preexplosion occurred. In attempting to ascertain the time 
by manual and visual methods, errors occurred which required repeated firings, 
It was essential that a more accurate method of recording the elapsed time be 
developed and an artillery projectile burst time recorder was designed and 
constructed. This device is now in use and will save approximately $62,000 
a year in ammunition. 


Preparation and checkout of a nuclear warhead by an average soldier with 
minimum training 
Ever since the Ordance Corps inherited the development and logistics re 
sponsibility for adaption kits from the AEC 4 years ago, its goal has been 
the simplification of the stockpile-to-target sequence to permit an average soldier 
with minimum training to prepare and checkout a nuclear warhead. The 
problem has been attacked in the areas of both maintenance and research and 
development. The area of maintenance has led to simplified practices backed 
up by an improved surveillance program and research and development has 
produced simplified, reliable components which require a minimum of test 
equipment. The saving of time to both ordnance and user personnel is meas 
ured by a factor of 10. 


Army training devices and simulators 


The Army’s program for development of training devices and simulators for 
the complex and expensive equipment required of a modern army makes pos 
sible a material saving without any reduction in training standards or pro 
ficiency. In addition to providing simulators for every missile now undergoing 
development, this program includes a wide variety of items from complex radar 
signal simulators to simple target devices. Some of the greatest savings have 
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been realized through such simple devices as flash and sound simulators, which 
eliminate the need of costly blank ammunition for use during training exercises. 
Another example is the Nike radar target simulator. This device introduces 
radar images into the fire control center which permits the radar crew to go 
through the entire operation of target acquisition, track and target intercept, 
thus saving the expense of using operational aircraft for training purposes. 
The Redstone simulator costs $400,000 and has a life expectancy of 5 years. The 
approximate cost of an operational Redstone missile is $1.37 million. It is 
estimated that after 3 months of use for training purpose this missile would 
pe rendered useless for operational use. Additionally, the use of an operational 
missile would reduce the number of missiles available for deployment. Thus, 
at a savings of about $1 million, the Army has provided a simulator which 

rmits the Redstone firing crew to go through all operations necessary for 
preparation of a real missile for firing. 


DEPARTMENT OF THE NAVY 


Betablishment of Assistant Secretary of the Navy (R. & D.) 


Implementation of the Franke board findings resulted, among other things, 
in the establishment of an Assistant Secretary of the Navy for Research and 
Development and a Deputy Chief of Naval Operations (Development). These 
two changes along with others will centralize and clarify the overall manage- 
ment authority and responsibility for research and development within the 
Navy. Program development and coordination will be improved by virtue of 
the fact that the Deputy Chief of Naval Operations (Development) will have 
the authority and be responsible for that function. Overall management re- 
sponsibility will be vested in the Office of the Assistant Secretary of the Navy 
(R. & D.) 


Bureau of Ordnance EAM reporting 


The system now being implemented in the Bureau of Ordnance for the internal 
management of the research and development program will utilize automatic 
and electric accounting and reporting procedures and equipment. This recent 
innovation will make information on operational as well as fiscal matters avail- 
able on a current basis for use as management tools. The improved control 
and increased knowledge as to program status which will result from this more 
responsive system augurs well for the change and substantial savings and/or 
operational improvement should accrue therefrom. 


Bureau of Ships standardization 


The industrial test laboratory of the Philadelphia Naval Shipyard has been 
engaged to a degree in research and development, standardization, inspection, 
and qualification testing work. Because facilities for this type of work existed 
elsewhere and because much of the work being accomplished did not con- 
tribute to important research and development programs, certain low priority 
projects were canceled, and certain test functions were transferred to the ma- 
terial laboratory of the New York Naval Shipyard. These steps have resulted 
in appreciable personnel savings and have permited the application of research 
and devlopment funds to more significant and higher priority projects. 


Eeploratory development areas 


A formal list of exploratory development areas has been established by the 
CNO. These embrace all of the basic functions that must be performed by the 
Navy in accomplishing its missions. A set of exploratory development require- 
ments has been stated for each exploratory development area. These catalog 
all of the naval functions for which new concepts and/or improved performance 
are required. 


Technical development plan 


Improved methods for critically analyzing the R. & D. program have been 
introduced. A technical development plan (TDP) is required for each part I 
item, ie., system development. A TDP comprises a complete description of the 
mal-machine system, a detailed technical proposal for the work to be done, a 
description of the sequence of tasks to be performed, a time schedule for the 
performance of all tasks, and a cost estimate for the completion of each task. 
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Naval research plan 


A naval research plan is required of each developing agency for the work it 
will perform under each appropriate naval research area. Each plan comprises 
a description of the general research objectives, the sequence of tasks planneg 
for this purpese, and time schedules and cost estimates insofar as these can be 
made. (In general, only the initial tasks can be planned ; however, research isa 
continuing, long-term effort, and general estimates of level of effort for future 
years usually can be made.) 


DEPARTMENT OF THE AIk YORCE 


Arrangements with foreign nations 


Certain member nations of NATO have been provided financial support to ae. 
complish selected research and development projects for new military arms and 
equipment. Similarly, a mutual weapons data exchange program has been jp. 
stituted which involves the exchange of data and scientists with NATO coy. 
tries. To date, 76 agreements with France, 26 with Germany, and 12 with Italy 
have been processed. This has helped to avoid costly duplication of R. & p. 
effort and has compressed the R. & D. time cycle. ‘ 

ARDC has formulated simplified procedures to conduct business with (g. 
nadian educational institutions for research work. Considerable saving in pro- 
curement leadtime and earlier undertaking of research will result. 


Mechanization-electronic data processing 


The Air Research and Development Command, because of its decentralizeg 
operation, magnitude of responsibilities, and expanse of its technical coverage, 
required a more rapid means of communication with respect to program-type 
data. These data pertain to contract dollars, manpower, equipment, and fg. 
cilities. The command instituted a reporting system based on automation prin- 
ciples in the form of computers, transceivers, and electronic data processing 
machinery. Consequently, the headquarters is currently able to keep abreast 
of the utilization and need of the various resources within a relatively short 
time through the elimination of laboriously prepared handmade reports. The 
versatility of this operation has enabled the command to manage its effort with 
greater efficiency. 

One of the real accomplishments of the past year has been the initiation of a 
project by ARDC to identify and prepare for electronic data processing a precise 
and unique description of the scientific content of each part of the Air Force 
technical program. Because of the size and complexity of the research and de- 
velopment program, the procedure currently used in handling such information 
has been costly and not totally effective. When the new system, identified as 
CATE (current ARDC technical efforts), is completely implemented in the near 
future, it will provide for each contractual or internal research effort to be re- 
ported and centrally stored within a 5-day period. Requests for information 
from Air Force activities, governmental agencies, universities, industries and 
other qualified users will be handled on a fast retrieval basis. A special vocab- 
ulary has been formed so that the scientist or investigator can identify his 
work in a precise fashion—with appropriate cross-referencing and subgrouping 
in scientific disciplines. It is expected, when this cataloging is complete, to be 
able to search the entire Air Force technical program of over 8,000 contracts 
and answer questions about it in a matter of minutes instead of days as at 
present. When the program is in full operation it will provide a “quick reac: 
tion” information service. In addition, it will be a very useful management tool 
in that any undesirable duplication of effort can more readily be identified and 
eliminated. 


Planning-programing 

During the past year a concerted effort has been made to improve planning 
procedures for the research and development program. The entire R. & D. 
program has been reviewed on an individual item basis by Headquarters, USAF. 
An order of priority of projects has been established to insure that work is 
related to planning force estimates, and that the work being performed provides 
the Air Force within the limits of resources (manpower and money) with the 
essential new knowledge and technology to stay ahead of any potential enemy 
in capabilities and weapon systems of the future. As a result of the program 
review, several low priority projects, which will not materalize in time to keep 
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abreast with the state of the art, were canceled. The improved priority system 
allows efforts to be funded in accordance with their priority, with items at the 
top of the list receiving the greatest percentage of the total requirements, and 
essential lower priority items receiving sufficient funds to achieve steady develop- 
ment progress. 

jTht Air Research and Development Command recognized that it could not 
pave all the resources that were necessary to accomplish all of the work it was 
directed or requested to do. ARDC implemented what it considers a more 
reasonable approach to the allocation of resources within its organization. Each 
unit of research and develoment effort was assigned a relative priority whether 
this work was self-generated within ARDC, directed by Headquarters, USAF, 
or requested by other agencies. On the basis of this relative priority, the 
center commanders of the command were directed to give appropirate recogni- 
tion to the allocation of resources. 

The actual accomplishment of this ARDC management procedure is just begin- 
ning to show results because of the limited time it has been in effect. It allows 
the decentralized center commanders to use proper management discretion in 
the application and use of the resources made available to them. Thus, the 
command has rendered its guidance to the subelements without directing specifi- 
cally each step that must be performed to accomplish the development work 
assigned to a center commander. 


Consolidation of APGC-AFAC 


Effective December 1, 1957, the status of the Air Proving Ground Command 
asa major air command and the Air Force Armament Center as an R. & D. center 
was modified. The APGC and AFAC were combined into a single center, desig- 
nated as the Air Proving Ground Center, under the Air Research and Develop- 
ment Command. The mission of this center is to operate the unique test and 
training facilities at Eglin Air Force Base, Fla., for both the research and 
development agencies and the operational commands, and to perform an arma- 
ment development mission. Meanwhile, the previous operational test mission of 
APGC is being integrated into other research and development phases and placed 
in the tactical training mission of the major commands. 

The ARDC-APGC consolidation has permitted the Air Force to utilize some 
4,000 military personnel and 60 aircraft for other R. & D. activities. In addition, 
the cost of operating the Eglin complex in fiscal year 1960 has been reduced 
several million dollars over earlier forecasts. 

Simultaneously with the incorporation of APGC into the ARDC, a new and 
streamlined development test philosophy was instituted. This will both shorten 
and improve the efficiency of the complex weapon system development process. 
The significance of this philosophy lies in the inclusion of the users’ contributions 
at the inception of the development cycle. This simplified test phase cycle is 
being applied to all USAF weapon systems. Meanwhile, the unique test environ- 
ment at Eglin will allow increased emphasis on air defense weapon system test- 
ing and training, using the varied equipment which is located there. 

Propulsion test facilities 

At the Arnold Engineering Development Center, Tullahoma, Tenn., success is 
being achieved in minimizing the number of engine test facilities required in the 
air breathing and rocket engine development programs. By relatively inex- 
pensive modifications, rocket engines are being tested in the same facilities used 
to test turbo and ramjet engines at altitude. The common use of exhauster 
capability for both rocket and air breathing engines eliminates costly duplication 
of facilities to support these programs. 

At Edwards Air Force Base, USAF technical analysis capability and liquid 
propellent rocket engine test facilities are made available to support NASA. 
For example, the facilities for the 1% million pound thrust rocket engine facili- 
ties at AFFTC will be used by NASA engine development contractors. At a 
later date they will be used for Air Force development work. They have the 
potential to provide full-scale static sea level testing of extremely high thrust 
and high energy toxic propellent needed for both scientific and military missions. 

The cost of test facilities for electronics (i.e., ion, photon, ete.) is being 
minimized through interservice coordination. The necessary funds have been 
kept to a minimum through interservice transfer of excess pumps and test tank 
materials. By this means, an advanced test facility at the Wright Air Develop- 
ment Center is being completed at practically no cost to the Government. 
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Reduction of test aircraft inventory and accident rate 
New management procedures established in connection with the control of 


the ARDC aircraft inventory resulted in a substantial reduction during the pagt 
year. At the start of fiscal year 1959, the inventory consisted of 874 aircraft, 
including those bailed. Today, the inventory totals 824 for a net decrease of 59 
aircraft, or a 5,7-percent reduction during the 12-month period. Emphasis wag 


placed on eliminating obsolete configured aircraft requiring special logistica) 
Support and excessive maintenance man-hours. Aircraft such as B—36’s, B-45's, 


C—45’s, and F-84’s were entirely eliminated from the inventory during this period, 


Considerable progess was also made in consolidating types at various centers to 


reduce the overall operating costs. 

By improved management practices throughout the ARDC in the area of 
aircraft accident prevention, significant economies have been effected. A cop. 
parison of the first 5 months of 1958 with the same period in 1959 follows: 

(a) The cumulative overall accident rate for 1958 was 21 per 100,000 flying 


hours as compared to 11 for 1959. 
(bv) The cumulative major accident rate for 1958 was 13 as compared to 7 


for 1959. 
(c) The total number of accidents in 1958 was 20 as compared to 10 for 1959, 


( €) Fiying hours accomplished in 1958 were 94,942 as compared to 98,681 
in 1959. 

Mr. Hecuter. I don’t want dollar figures, but I want precise things 
that have been done within the Department because many of us wonder 
when billions are being expended just how well they are being ex. 
pended. All too frequently the question comes out: “How much more 
could you do if we gave you more money ?” 

What I would like to know is what you have been able to do in the 
way of making the dollars you have stretch as far as they can. 
Mr. McNet. I think it would be a good, healthy exercise for us 
to do it. 

Mr. Hecuter. I trust it will be more than an exercise, too. 
Mr. McNet. Sometimes our exercises take the burning of a lot of 
midnight oil to do. 

Mr. Hecuter. I don’t think there is any individual who knows 
more about the facts over figures of the defense program either in 
or out of the Department, Mr. Secretary, than you, and I would like 
to pay tribute to you as a dedicated public servant over the years in 
this whole field. I must admit, however, somewhat of a suffocation 
when I was confronted with this document this morning. I don’t 
want any special treatment, but if you come up again I wonder if I 
could have about 24 hours’ advance jump on the rest of the committee 
to do a little homework on it? 

Mr. McNett. Gladly. I might stop by in the meantime to pay my 

respects. 

Mr. Hecuter. Thank you. 

. ‘The Cuatrman. Mr. Secretary, I am impressed with the need for 
the emergency fund. Since you tell the committee it was used en- 

tirely for scientific breakthroughs—— 

Mr. McNew. Up until a year and a half ago. 

(Norr.—Breakdown of emergency fund on p. 45.) 

The Cuatrman. We would like to know, because perhaps that will 

assist us in the future there in maintaining an adequate fund of that 

character. 

Mr. McNem. You may recall that a year ago the President’s mes- 

sage asked for very, very broad authority for transfer. I believe the 

figure mentioned was $2 billion. What in effect was done, and it 

seems to work pretty good, was that the emergency fund was In- 
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creased from $85 million to $150 million in cash, and transfer author- 
ity was increased to the $150 million level to see how it works out, 
and it is working out Fee well. 

The CuarrMAN. If there are no further questions, and since we have 
this matter coming up at noon today, we want to thank the Secretary. 
He made a very excellent statement and I can think of many questions 
[ would like to still ask, but we will save that for a future date. 
Thank you. 

Before we adjourn, I want to recognize a colleague of ours, Mr. 
Scrivener, of Kansas City, Kans., who is here with us officially and we 
are happy to welcome you here to the committee. 

Mr. Scrivener. Thank you, Mr. Chairman. 

The CuarrMAN. We are glad to have you back at any time. 

Mr. Fuuron. Let the record show that both sides welcome you, and 
would you please put in the record your title? 

Mr. Scrivener. My new title is Special Assistant to the Assistant 
Secretary of Defense, Comptroller. 

The CHAIRMAN. We welcome you to this nonpartisan committee. 

(Whereupon, at 11:55 a.m., the committee adjourned.) 
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| pasi€ SCIENTIFIC AND ASTRONAUTIC RESEARCH IN 
THE DEPARTMENT OF DEFENSE 


TUESDAY, JUNE 9, 1959 


House or Represenvratives, 
COMMITTEE ON SCIENCE AND ASTRONAUTICS, 
No. 1, 
Washington, D.C. 

The committee met, pursuan® to notice, at 10:15 a.m., in room 
B-214, New House Office Building, Hon. James M. Quigley presiding. 

Mr. Quictey. At this point we will move forward on our own. 

Mr. Godel, I believe you are first up. 


STATEMENT OF WILLIAM H. GODEL, DIRECTOR, POLICY AND PLAN- 
NING DIVISION, ADVANCED RESEARCH PROJECTS AGENCY; 
ACCOMPANIED BY GEORGE P. SUTTON, CHIEF SCIENTIST, AD- 
VANCED RESEARCH PROJECTS AGENCY 


Mr. Gover. Thank you, Mr. Chairman. As always, sir, we welcome 
the opportunity to appear before the committee this morning to dis- 
uss the research and development activities of the Advanced Re- 
' arch Projects Agency with you. As you know, sir, we have appeared 
_ before the full committee earlier this year and we discussed ARPA’s 
programs in considerable detail. We can, of course, go over those 
again in any degree of detail as you wish. 

In brief summary, our fiscal year 1960 budget totals $455 million, 
including $307 million for military space projects, $128.1 million for 
research in advanced techniques of ballistic missile defense, $18 mil- 

lion for propellent chemistry, and $1.9 million for planning and man- 
agement costs. 

| We understand that you are interested, beyond these figures, in the 

general approach taken by the Department of Defense toward its 
research and development responsibilities. Insofar as ARPA is con- 

, cerned, we believe we have a unique and very useful contribution to 
make, Therefore, I should like to discuss with you the organizational 
wneept which ARPA embodies. 

Government as a whole, including the Congress, has had to come 
| togrips with the severe realities imposed by truly exploding research 
undtechnology. A technology, moreover, with important political and 
«onomic ramifications of global impact. We have had to learn how 
toincorporate this new dimension into public policy decisions of eve 
tind, and into the ways in which we organize ourselves to accompli 
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Due to the pace and scope of scientific development and techyo. 
logical growth, it has become increasingly evident that only Gover. 
ment, and more particularly, the Department of Defense as distip, 
guished from — industry, can undertake or sponsor the masgiy 
effort required for research and development in the interests of jy, | 
tional security. I might interpolate here that it becomes increasing| 
— for private industry, however it may want to engag 
defense contracting, to underwrite from its own resources the bas 
research which must be undertaken before they can determine whethe 
or not they have a contribution to make in terms of a prime contrag 
or a subcontract with the Government. 

In order to exercise this responsibility effectively and economically , 
the extremely high-cost programs and projects must be selected with 
the utmost care and administered so as to make maximum use py 
only of time, but also of the limited national supply of technic] 
talent, material resources, and funds. As the heaviest investor fg 
the Government, the Department of Defense is particularly seng. 
tive to these needs. 

You will - ioalgce also that diverse talents and capabilities hay 
traditionally been important elements of scientific progress; that is 
many researchers contribute to the solution of a single complex sciep. 
tific problem. At the same time, in the Department of Defense, they 
talents and capabilities must be managed with precision to avoid w- 
necessary duplication and uneconomic proliferation of effort—with- 
out dampening scientific advance. 

Moreover, such exotic fields of Defense endeavor as outer space r- , 
search, ballistic missile defense, and solid propellants really transcend 
the classical conception of military roles and missions. Similar equip 
ments may contribute to the performance of a variety of mission, 
which may be assigned to any one of the military departments orto 
oy. one of the military commands. 

herefore, we can and must avoid expensive duplicate develop. 
ment based on the fact that two different users have a requirement for 
the same technology. For example, the chemistry of propellants is 
common to all services. An improvement in thrust for one rocket 
must be made available to all without regard to the inventor agency, 
or whether the rocket is launched from the surface of the earth, fron 
the air, or from under the water. 

Mr. Quietry. This is the way it should be. 

Mr. Gove. That is right, sir. 

Mr. Quictry. We wonder at times whether it always is. 

Mr. Gopet. We hope only—in response to your question, sir—that , 
we are making progress in providing the Defense Department with 
one program, rather than three. Insofar as those we have are con 
cerned, I believe we can say this is increasingly so. 

Now, given these technological facts of life, the Secretary of De | 
fense decided that certain high priority research and development of 
an advanced nature had to be “separated out” for management at the 
highest level, on a centralized basis and on behalf of the total m 
tional security effort. Parenthetically here, sir, precisely to achiert 
the objective you were discussing. 

A single manager for advanced research and development wis 
needed to accept the diverse requirements of the several military de- 
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artments, to locate and assign the resources best able to satisfy them, 
and to monitor the work performed on behalf of all interested parties. 

ARPA was established to activate this concept. Rather than to 
build new organizational entities to meet each special need—each 
crisis need, if you will—as it arises, ARPA was created to accept the 
high priority challenges posed by new and advanced research and de- 
velopment opportunities in all fields. a 

To the extent that priority happens now to lie in space, it is our 
‘ob to attack it. In anticipation of the growing significance and 
technical complexity of ballistic missile defense and solid propellants, 
we have already geared major efforts in these areas. Next year basic 
research in materials may also require priority treatment. It is this 
kind of diverse and unusual scientific problem, on the fringe of avail- 
able knowledge, which ARPA is organized to meet on a matter-of- 
fact basis. ; 

Mr. Quieter. Can I interrupt you at that point? 

Mr. Gove. Yes, sir. 

Mr. Quiatey. Who makes the decision at ARPA ? 

Mr. Govet. The Secretary of Defense, sir. 

Mr. Quictey. That is the formal decision—the actual decision? 

Mr. Gopvet. Perhaps I can give you an example, sir, of the area of 
ballistic missile defense assignment which ARPA has which has 
recently been somewhat broadened. One can perhaps now define the 
areas of research and development without regard to operational use 
decisions as including three components. One is the Nike-Zeus com- 
plex as we now know it. Another is the BMEWS complex which is 
to be compatible with this, and the third is the area of doing research 
to devise a significant improvement—a 20-percent or a 50-percent 
improvement. This is called Project Defender. These three proj- 
ects—one effectively run by the Department of the Army, one by the 
Air Force, and one by ARPA—now comprise substantially the totality 
of U.S. effort in this field. 

Let us suppose that next year someone invents, as a result of study, 
a concept for a different system, a new system or a new component, 
which is not included in any of these. Let us assume it is done on a 
contract basis for a study by—if you will—the Rand Corp. or the 
Weapons System Evaluation Group, the Institute for Defense 
Analysis. 

That proposal to do something new, not including those three, will 
then come up through military channels from the inventor. It may 
be submitted to the Army, it may be submitted to the Navy, it may be 
submitted to the Air Force, or it may be submitted to ARPA. But 
it comprises something totally new. 

Ultimately that piece of paper will pass through the research and 
development activities. If it comes to ARPA, it will go back to the 
Army, Navy, and Air Force, and say “What are your comments?” 

If it comes to the Army, it will come up to the other three—Air 
Force, Navy, and ARPA—and will get comments. These comments 
and recommendations therefrom will be forwarded to Dr. York. Dr. 
York, as the final staff adviser to the Secretary of Defense, will then 
recommend, on the basis of all of the advices given to him, that the 
Secretary of Defense take some action. That action might be to dis- 
approve the project because it is not sufficiently better than what 
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ARPA is doing in Defender. That action might be to approve it, but 
assign it to ARPA to do because it is completely compatible with 
what the Defender project is. 

It might be approve it for development, but assign it to the Army 
because it is completely compatible with Nike-Zeus. 

These recommendations will then go to the Secretary, and the 
Secretary will, either on that advice or if it is a contentious thing, 
after discussion with the Armed Forces Policy Council with all jp. 
terested parties there, make a decision as to what action will be taken 
on this new project. 

Does that illustration answer your question, Mr. Quigley 4 

Mr. Quietry. Yes, in a way. Would I be wrong in saying that 
ARPA is first among equals in this particular picture? 

Mr. Gove. No, sir. In the ease I have given here it would not 
necessarily be first. 1 would suppose that if ARPA could demonstrate 
technically that the project proposal we have here hypothesized was 
included in or was less effective than what ARPA was already doing, 
that that recommendation would have some greater weight—indeed 
it might even have the overwhelming weight in the ultimate decision 
made by the Secretary with Dr. York’s staff. 

Mr. Quietry. The thing that is bothering me, I believe I am ex. 
pressing not only a personal feeling but the feeling among Members of 
Congress and the general public, that I think is rapidly coming toa 
head again, and that of course is this question of interservice rivalry, 
bickering, how many of these decisions are actually made on their 
merits and how many of them are made on the basis of “I have got to 
protect the interests of my branch of the service” 

I don’t know how much of this is true. I think at the moment there 
is a great feeling abroad there is much too much of it. What I am 
concerned about is, are we running the risk or are we heading 
in a direction whereby ARPA could become as completely wedded 
to its project as the fe is to Nike-Zeus and the Air Force is to 
Bomarc ? 

Mr. Gopeu. Well, sir, one cannot deny human nature. I would 
think that the possibility of becoming so wedded is infinitely less in 
the case of an ARPA-type organization. The reasons are severalfold. 
In the first instance, the Agency is by definition a service agency. We 
do not undertake work in ARPA, whether it be in space, missile 
defense, or chemistry that is not the product of a stated requirement 
by two or more of the military departments. This is the first thing, 

So we can hardly become wedded to any given party line. 

Mr. Quiciry. Calling a spade a spade, wasn’t one of the reasons 
you were brought into being because of the history where a particular 
project being assigned to the Army, you couldn’t get it back from them, 
and it was assigned to the Air Force, they developed it and it became 
their baby ? 

Wasn’t the thought in mind that perhaps your agency might be will- 
ing to do the work and share it a little more readily 

Mr. Gove. If I understand your question, I think that the answer 
to your question is “Yes”, with a qualification. I really can’t speak 
for the Secretary of Defense, but I have an idea that, using space as 
an example, if you like, or missile defense, he felt that we could not _ 
afford to have two space programs as a function of money, as a function | 
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of this disparity of viewpoint that you discuss, the so-called roles and 
missions thing. And that insofar as research is concerned, one could 
do to the common account of all ultimate users certain kinds of 
researclr if they were centrally managed.- 

To this extent I would think that we are a product—this agency 
concept is a product of the inability to get clean, fully supported 
decisions as between competing services. lalate 

Mr. Quietry. Do you think you are functioning in that role as 
effectively and as efficiently as you would like to? 

Mr. Gove. At a previous hearing, Mr. Karth asked the question in 
respect to this. I know this committee has heard reports from many 
others. I am sure we are performing the function in that in the 
areas in which we are involved, I am certain that we do have—and 
some of my military friends think it is too much—we do have control 
over what is done. Bluntly, nothing is being done without ARPA’s 
direct involvement and probably ultimate decision making, at least 
decision recommending to the Secretary authority. 

What we would like to do, I think, is achieve this without generating 
any hard feelings among the people with whom we have to work. 
Weare working very hard on that. ° 

Mr. Hecnier. Could you tell us specifically how you succeeded in 
minimizing competition and duplication among the services 

Mr. Gove. The answer is really quite a simple one. The services in 
the areas assigned to ARPA are not permitted, and are not engaging 
in research and development without a specific directive from the 
Director of ARPA saying “Please do this work.” They are not 
allowed to have funds. Funds are not provided them for research and 
development in these areas. 

Should funds be so appropriated, it is my understanding that it 
would be the intent of the Secretary of Defense that such funds be in 
fact administered by ARPA. 

This doesn’t mean that they aren’t working in the field of space 
technology. They are so doing and we are seeking with all of the 
talent that we have to insure that the best talent available anywhere 
within the armed services or industry is employed to solve our 
problems. 

But they are doing so under direct specific instructions from the 
management group, which is represented by ARPA. 

Mr. Sutron. Can Tadd something to this? 

Mr. Gover. Surely; this is Mr. Sutton, sir, our Chief Scientist. 

Mr. Sutton. One other facet that pertains to Mr. Quigley’s ques- 
tion as to how we stack up with the rest of the services is the operating 
aspect. ARPA has no interest or intention to operate any military 
system. When we feel that a military system is sufficiently far along 
to be used for operation, it is assigned to one of the three military 
services and we fade out of the picture. 

So we do not have in being operating systems which we wish to 
change or modify. This will all be the services problem. We are 
strictly a research agency. 

Mr. Quictry. In other words, your vested interest is in research ? 

Mr. Surron. And development, yes. 

Mr. Gopen. Indeed, in support of Mr. Sutton’s statement, there are 
now pending before the Joint Chiefs of Staff, four space projects de- 
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veloped by the Advanced Research Projects Agency with the request 
of the Secretary of Defense that the JCS recommend to him in four 
areas—or three primary areas—(1) which command or agency shall 
be the user of this system; (2) what other users are there and what 
arrangements are to be made so that the other users will get what the 

want from the operator; and (3) what agency or research organise 
tion is to be charged with what we call normal product improvement 

One of these projects is for example, the silent satellite fence. Some 

of the other ones are bet er discussed in the classified area. But the 
fence problem works. Its first prototype, which is where we stopped— 
it ow works, if you like, and it will get better as we go down the 
road. 
But now some element, some commander—possibly NORAD, pos. 
sibly SAC, possibly some other command, will be designated as the 
operator of that system. Our job is finished when we have proved 
that it will work and have designed the components, what we call the 
first prototype. They will recommend to the Secretary and he will 
assign it to somebody. 

Mr. Quieter. ARPA would be performing its function ideally if 
it avoided the hard feelings that were embodied in the Jupiter-type 
situation. 
Mr. Gopvet. Yes, sir. If I may answer that this way: ARPA takes 
the position that it is not involved in the roles and missions problem— 
if that is a problem. 

Mr. Quictey. It is. 

Mr. Gover. We would take the position that we cannot be involved 
in roles and missions because we are building—if you like—a piece of 
hardware or the know-how to build a piece of hardware, and it is up to 
the Secretary of Defense and the Joint Chiefs of Staff and the military 
Secretaries, and so forth to decide, then, who will use that hardware. 

All three of them can use it if indeed they have such a mission. We 

would take the further position that mission assignments of this type 
are primarily under the Reorganization Act to be decided, if that is 
the word, by the JCS in the form of recommendations to the Secretary 
of Defense. This is a matter of law, not a matter of our choice. For 
me, with 11 or so years in the Office of the Secretary of Defense, I 
think it is a very good law. 
Mr. Quictey. We will let you get back to your prepared statement. 
Mr. Gopren. Well, that is our task then, sir, the sort of thing you have 
asked about. To accomplish the task we have set up an extremely 
flexible organization. We have been given the authorities necessary 
to permit us to take timely action. ARPA is, and it remains, a small, 
compact organization. We are unhampered in the—it says here— 
“operational,” but it really means research operations, the contract- 
type of thing, and the receipt of documentation and so forth—the 
operational and always the administrative sense. ; 

Today we may require physicists and engineers. With our con 
tractors, we can recruit physicists and engineers. ‘Tomorrow we may 
need chemists or metallurgists. With our contract organization we 
can go out and recruit them. We do not have to convert the physicist 
into a chemist which, within the normal processes of civil service 
tends to be a requirement. 

Mr. Quiciry. What happens to your physicists and engineers when 
you no longer need them ? 
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Mr. Govet. Since the physicist is a contract employee, his contract 
would be then terminated and he would return to industry or go to 
one of the military departments if indeed an operational department 


existed there. 


Mr. Quieter. This is your general mode of operation ? 

Mr. Govet. Yes, sir; this is the function of a contract organization 
that we have with the Institute for Defense Analysis. 

Mr. Quictey. How many of ARPA’s personnel would be purely 
administrative civil servants? 

Mr. Govet. The number right now, including secretarial help, is 
on the order of 30, sir, with roughly 40 of the scientific personnel. 


| This number will necessarily be increased on both sides a little bit 


because of the considerably expanded function in missile defense. 
We just don’t have the people aboard at this moment to handle the 
totality of this missile defense problem that has been assigned to us. 
Our task until yesterday literally when it was assigned by the Secre- 
tary was very much more restricted. 

So we are still talking about that order of magnitude. These ad- 


_ ministrative personnel that you ask about include our Financial Man- 


agement and Reporting Division, which is the bankers, and the matter 
of preparing reports to the Secretary, the Space Council, the President, 
and so forth, an office of which I am the Director, which is concerned 
with our longer range planning, with meetings with Space Council, 
this kind of thing, and with our little foreign programs activity, space 
rights, and this kind of thing, which are a traditional function of 


government. 


Then we have our technical operations division, which includes the 
individuals who are charged and must be charged with actual contract 
supervision of the various contracts that we pass out, that we issue. 

Only full-time Government employees, not contract-employed indi- 
viduals, are authorized to perform the function of contract super- 
vision. So this is our technical operations division. This is some- 
where on the order of 30 at the moment. Slightly increased, it will 
probably be up to 45 or so within a year or so. So will the IDA con- 
tract technicians be somewhat augmented by this new missile defense 
assionment. 

We think that it makes good management sense, then, to avoid the 
many disadvatages attendant upon continual reorganization and to 
concentrate as a permanent adjunct of the resources available to the 
Secretary of Defense a pool of technical and managerial talent capable 
of confronting a wide range of technological unknowns and on a pro- 


fessional basis. 


The first Secretary of Defense, Mr. Forrestal, once defined the need 
for just this kind of an agency in the very large complex activity. He 
called it a dustpan organization, incidentally. After a large respon- 
ibility is compressed within some logical organization structure, 
there are often certain very refined functions and activities which 
do not fit the pattern and which require the application of top com- 
petence wherever it may exist. They demand the exceptional type 
skills of a watchmaker in the form of an agency that enables discreet 
and sophisticated handtooling where the assembly line simply cannot 
perform at the level of quality performance that is required. 


‘ 
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This describes, we think, what ARPA is doing. We take on thy 
high-priority, high-cost research programs and projects that requir, 
special treatment. 

There are many such programs in the limitless new area of scientifi, 
research and development. There will be more as man extends his 
vision and comprehension of the unknown. Again, however, as op 

roblem is solved or generally solved, it will be taken away fron 
ARPA as a project or as an operational system, given to one of th, 
users, and we will be freed to take on a new one. We do not envisig, 
that we will ever have more than two, three, or four at any given tim 

ARPA, then, is the organizational entity which specializes jn yp. 
ducing the unknows to manageable proportions. This completes my 
statement, sir. It is a great pleasure now to introduce to the subcom. 
mittee again our new Chief Scientist, Mr. George Sutton. He has moy 
recently been the Hunsaker professor of aeronautical engineering 9 
MIT. He has been on the job with ARPA now for about 3 w 
and is in fact the successor to Dr. York, who as we all know is noy 
the Director of Defense Research and Engineering. 

Mr. Sutton has devoted his entire adult life to the problems of , 
rocketry, propulsion, and related developments. As a demonstratig, 
of the high regard he enjoys in the scientific community, he is th 
past president and former director of the American Rocket Society, 
He bring to ARPA a completely unique background and talent and 
he is particularly qualified to discuss with you the scientific and 
technical aspects of our operations, which, as you know, I am not. 

Thank you, sir. 

Mr. Quieter. We are glad to have you, sir. 


STATEMENT OF GEORGE P. SUTTON, CHIEF SCIENTIST, ADVANCE) 
RESEARCH PROJECTS AGENCY 


Mr. Surron. If it please you, what I would like to do this morning 
is tell you by example a few of the things we are doing at ARPA 

As you know, ARPA is charged by the Secretary of Defense to 
manage research and development in the following areas: 

First, in the military space technology area: ARPA is funding an 
managing advanced research into satellite systems for communia-| 
tions, early warning, navigation, and reconnaissance. We are further- 
more directly concerned with development of controllable and recover- 
able satellites and with feasibility studies on maneuverable recoverable 
space vehicles. 

These diverse space vehicle interests have brought ARPA into the. 
more basic fields of propulsion, guidance, and control, and ground 
environment. Beyond such efforts, our “blue sky” exploratory work 
in space-oriented areas ranges from feasibility investigation of 4 
rocket propelled by nuclear detonations to solar power research. 

(2) Ballistic missile defense: ARPA has undertaken more than 5) 
separate programs to obtain the crucial information necessary for 
design of a system which will meet the rising threat. These programs 
seek to define this threat, to find improved methods for early warning 
for identification and discrimination of the incoming warhead, and for 
kill mechanisms and data processing. 
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Fundamentally, we are looking for advanced concepts which will 

be technically, operationally, and economically feasible. One of our 
rograms explores the 1980 time periods—what we may need, what 

will not work, and, by process of elimination, what may work. 

Our ballistic missile defense effort in ARPA does not include hard- 
ware production. Rather, we are dedicated to finding the basic 
components of that system which will prove to be a breakthrough far 
beyond our capability. 

(3) Solid propellant technology: Solid propellant technology is 
also one of our broad area interests. Solid propellants enjoy an im- 

ortant position in our defense posture. Research has been actively 
in progress in this country since early in World War Ii. Improve- 
ments in solid propellants have made possible the large rockets now 
under development, such as Polaris and Minuteman. Even small 
increases in the useful energy of solid propellants promise exceptional 
results. 

To achieve our solid propellant goals we have contracted with a 
large number of industrial, foundational, and academic institutions. 
Our programs have been developed in cooperation with the technical 
personnel of the Army, Navy, and Air Force. This arrangement is 
advantageous in providing close coordination between the advanced 
solid propellants program of ARPA and the current propellant pro- 
grams of the services which are oriented toward specific missiles 
systems. 

So much for defining our areas, and now I would like to give you 
some examples of research and development work that we do. 

All our effort in this area is directed, or related to, the solution of 
one of the broad project areas mentioned above. I would like now to 
distinguish between at least five different types of research and devel- 
opment effort which can be used, and which we are using, and they 
are— 

1. Fundamental research. 

2. Applied research. 

3. The development of critical components. 

4. System feasibility demonstration experiments. 
5. Systems studies. 

I will now discuss these, and give you some examples of each. 

1. Fundamental research: Fundamental or basic research has goals 
which are beyond the limits of human knowledge. Here we attempt 
to investigate physical behavior and physical phenomena of a funda- 
mental nature which are in a general way related to the basic proj- 
ects which face our organization. Here our hope and expectation 
is to discover new knowledge, new concepts, and new principles which 
will, in turn, give us better understanding of what is really going 
onin areas of probable interest to us. 

This understanding of the physics and the basic sciences subsequent- 
ly permits better methods and techniques for designing vastly im- 
proved equipment. From the scientific viewpoint, this is perhaps the 
most interesting category and since your committee is concerned with 
science, [ will give more examples here than in the other four types. 

For instance, we are setting up a program at the University of 
Chicago, and we have programs in-being at Ohio State University, 
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Vanderbilt, and the University of Wisconsin on fundamental hj 

temperature thermochemistry. Some of these are theoretical studig 
into the fundamental properties of chemical formulations suitable fo, 
rocket propellants. They yield theoretical values of these propertia 


formulations. 

I might insert here, if these theoretical results look promising 
paper, then we go ahead and try to synthesize these actual new com. 
pounds. These theoretical studies, then, give us clues as to the prom. 
ise of potentially new chemical compounds. Some of these proj. 
ects are of an experimental nature and are intended to produce ney 


synthetically formed chemicals suitable for rocket propulsion, 

Another example is an investigation of the interactions of phonons 
with phonons, and holes with electrons. If I may digress a little bit, 
a phonon is a technical term somewhat related to a photon. It is no 
a photon, it is a motor vibration within the atom, and the word “holes” 
here has a rather specific technical meaning. It is the place wher 
an electron was. It is a hole in the structure of the molecule, 
Mr. Quiatry. All of those questions were in my mind. I think 
they still are, however. 

Mr. Surron. Let me tell you how this pertains to our work. It js 
related to the transmission of energy through various materials, par. 
ticularly through semiconductors, as has application to thermoele. 
tric devices. These devices can convert heat from the sun—or from 
a nuclear reactor—into electrical energy for various power appli- 
cations. 

While we have this ultimate application in mind, the work that 
is now in process is decidedly of a basic nature and is concerned with 
the interactions of various fundamental particles within the materials 
structure. Our effort may very well yield a new understanding of 
certain materials and reap benefits in transistor technology, semi- 
conductors and other areas. 

We are also sponsoring research on photosensitive materials for 


verting the sun’s energy into a usable form. We are working on 
novel materials, such as certain cheap organic materials for this pur- 
pose. Present materials, I might add, are quite expensive. 


electric purposes, which are capable of withstanding very high an- 
bient temperatures and give us the potential capability to design ma- 
chinery with improved thermal efficiencies. 

We also want to learn more about the upper atmosphere. We have 
a number of fundamental studies to investigate some of the atomic 
collision processes that go on at very high altitudes and to determine 
the interaction of electrons with various atomic species. We ar 
probing the ion densities of the upper atmosphere. 

The exact application of any knowledge that we may gain is not 
yet certain, but it may be useful in understanding some of the props- 
gation of electromagnetic waves, some of the physical phenomena of 


atmosphere with space vehicles. 


and the performance that can be obtained with hypothetical ney ‘ 


formulations and to measure some fundamental properties of new | 


better photovoltaic cells which again will eventually be used for con- | 


We are also sponsoring work in special materials, for thermal: | 


the upper regions of the atmosphere, and the interaction of the upper | 
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In ballistic missile defense programs, there is the problem of de- 
tecting an incoming enemy warhead well before it reaches its target. 
This warhead reenters the atmosphere at a very high speed. During 
reentry the front end of the warhead, or the nosecone, becomes very 
hot. A boundary area of very hot air is formed adjacent to the re- 
entering nosecone. 

At these high temperatures some very strange and unusual phe- 
nomena are suspected to occur. The normal atmospheric gases be- 
come very hot and ionized, and lose some of their electrons and form 
what we call a plasma, which is an electrically active mixture of mole- 
cules, atoms, ions, and electrons. These hot gases can send out radi- 
ations of various types, such as visible radiation, infrared radiation, 
and radio waves. 

It may be possible to detect a warhead by the types of radiations 
which are emitted from this plasma in the boundary layer. In order 
to do this we must understand the fundamental prysics, the inter- 
actions between the air and the nosecone material, as well as wave 
transmission and emission with a hot plasma boundary. 

Therefore, we are sponsoring research work of a fundamental na- 
ture in shock tubes and theoretical studies and experiments in special 
wind tunnels to give a better understanding of what goes on, and 
what produces the various types of radiations. 

ARPA is supporting the development of a special hypersonic 
blowdown tunnel which will be capable of going to Mach—as high 
as—X V—that means 15 times the speed of sound—for durations as 
long as perhaps 20 seconds. This is much longer in duration than 
conventional hypersonic tunnels, and will permit the evaluation of 
reentry physical phenomena; that is, the interaction of such waves, 
boundary layers, and materials. 

This work is being done at the Cornell Aeronautical Laboratory, 
and promises to give air stagnation temperatures above 8,000° F., and 
perhaps as high as 14,000° F., by using lightweight gases, 

In addition to this laboratory and theoretical work, at our missile 
ranges we are measuring emissions from objects flying through space, 
and reentering the atmosphere in a broad spectrum of wavelength. 
In other words, we watch some of the Thor and Atlas firings and see 
what happens when some of these reenter. 

This is done from airplanes and ships, which are equipped with 
special radar receivers, infrared detectors, visible light measuring in- 
struments and other types of measuring or tracking equipment. 
These instruments and their carriers are indeed very expensive. 
Nevertheless, they provide some of the best methods to actually meas- 
ure what is emitted from a body flying through space and through the 
upper atmosphere. 

ne very interesting project being done at the Naval Research 
laboratory and at the Army Ballistic Research Laboratory concerns 
the high-velocity impact of pellets with space vehicles. The tool being 
used is essentially a gun which employs highly compressed gas of low 
molecular weight. for the expulsion of pellets. Electrical energy is 
added to heat this gas in order to achieve high velocities. 

2, Applied research: This type of effort is directed toward a better 
understanding of a specific phenomena which could be used in one 
of our assigned military projects. For example, the Advanced Re- 
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search Projects Agency has under contract a number of different g 
proaches to formulate better solid propellants. e 

Chemists tell us that solid propellants can be improved in their preg. 
ent performances by something like 10 to 20 percent. This is sufficient 
to essentially double the payload capability of a missile like the 
Minuteman or it is sufficient to make solid propellants suitable fo 
various future space flight and missile missions. 

We have solicited the efforts of some of the country’s best chemical 
organizations and people—in industry, universities, and Government 
laboratories—to formulate new compounds, tricky new mixtures of 
oxidizers and fuels, new chemical preparation processes. The ney . 
compounds are those which are particularly suitable for high-energy 
solid propellants. 

They usually contain either light metals—such as beryllium, boron 
or magnesium—or highly electronegative substances—such as fluorine, 
oxygen, and perhaps even chlorine. 

We are contracting for a study to investigate the heat rejection 
mechanisms in spaceborne radiators. This includes investigation of 
the effect of special surface coatings and the mechanism of condensing 
vapors in a vacuum, or really this should be in gravity-free space; this 
is quite tricky—the evaluation of factors used in the selection of work 
ing fluids, and the effects of radiator geometry and orientation, 

The Cornell Aeronautical Laboratory is investigating for us the 
fundamental physical effects necessary to build a high-power miero- 
wave radar. This includes work on basic propagation phenomena 
within the atmosphere—such as the noise created by aurora and cosmic 
dust, work on various specific components of such a radar and studies 
on the usefulness of this device. It is hoped to eventually achieve 
radiation 50 megawatts of peak power for pulse lengths of 50 micro- 
seconds. That is very short. 

3. Development of components: Our assigned fields of research r- 
quire development of novel types of components in a variety of dif- 
ferent forms. We have therefore undertaken to contract for the 
design and construction of experimental pieces of hardware, which, 
at a later date, can be made into light-weight flying units of proven | 
basic principle. You already know of one example, the Satum 
booster, which consists of a cluster of eight ballistic-missile-type en- 
gines and which will quadruple our present booster launch capability. 

Into this category of development fall various radar devices which 
have improved and increased range, improved resolution, and other 
special features. These radars will be suitable for the detection of 
satellites and unidentified missiles. 

This category also includes development of critical components in 
various plasma-type propulsion systems, particularly those wher 
either electrostatic fields or electromagnetic fields are used to accelerate 
the ionized working fluid or the plasma. 

Another example concerns the study of a typical subsystem—I think, 
gentlemen, this particular paragraph really belongs in category No. 
5, and I would like to postpone reading until category No. 5. 

Category No. 4, now, system feasibility demonstration: In some of 
the more complicated satellite or ballistic missile defense systems, 
is necessary to combine the various components into an experimentil 
system to demonstrate that the various components are propelly 
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matched and that no additional technical problems will arise which 
may have been overlooked in the component developments. 

Tor example, in a delayed repeater communication satellite the 
complete system contains several ground tracking stations, a number 
of ground receivers and transmitters, satellite-borne receivers, satellite- 
borne transmitters, satellite-borne power supplies, satellite-borne in- 
formation storage devices such as tape recorders, special signaling 
devices which turn the space receivers and transmitters on and off, the 
booster and sustainer rocket stages, guidance systems, launching sta- 
tions, and perhaps even satellite-borne orbital correction devices. | 

All of these have to function in proper sequence, at the appropriate 
time, and in such a manner that one component will not prejudice the 

rformance of another. 

In order to assure ourselves that all of these components are com- 
patible, it is necessary to perform experiments with the complete sys- 
tem. Very often these experiments are not made with the final sys- 
tem, but with interim hardware that contains the basie concepts in 
principle, but may not contain the final design versions. 

5. System studies : Complete military systems, or even some of their 
subsystems, are extremely expensive. It is therefore necessary to 
select the chosen system carefully from all points of view, such as 
eee, economics, technical feasibility, or the ability to per- 
0 


rm—at a later date—some additional functions. 

In order to help with this selection, and in order to eliminate work 
on other possible systems which may no longer be of interest, we con- 
duct a number of systems studies, feasibility studies, optimization 
studies and economic evaluation. These studies are often carried on 
simultaneously with component development work. 

At this particular pomt I want to insert this paragraph of a typical 
subsystem study, namely a solar concentrator. These are optical 
systems that take the radiation energy from the sun and by means of 
mirrors and perhaps lenses, concentrates the sun’s energy so as to heat 
various spaceborne devices which can give useful vehicle power. The 
radiation energy from the sun received by our earth’s satellites is 
relatively weak. 

Therefore, to achieve a power of 25 kilowatts, we would need ap- 
proximately 2,000 square feet of mirror surface. The objective of 
this study is to determine the lightest weight, most compact. and 
most economic method of concentrating the sun’s energy. 

We are also in the process of conducting studies comparing various 
types of spaceborne power supply systems to determine which is best 
for various specific future applications. Studies of satellite com- 
munication systems, radar acquisition systems or data and decision 
making systems fall into this category. 

B. Technical personnel in R. & D.: You can see that each of these 
five types of research and development effort is different from each 
other. The differences lie primarily in the nature of the problems, 
but there are also differences in the methods of solution and in the 
types of people and organizations that we use for bringing about 
their solution. 

We try to select the best. available people to do these technical re- 
search and development jobs for us and we go to considerable trouble 
in this selection. 
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In the area of fundamental research we lean heavily on universit 
laboratories and a few commercial organizations which have unusya] 
research capabilities. We also have contracts with nonprofit. spp. 
cialized organizations. 

Our applied research work is done in part by industrial organiza. 
tions, in part by Government-owned laboratories, such as the Naya] 
Research Laboratory, the Cambridge Research Center of the Air 
Force, or the Army Ordnance Missile Command facility at Redstone, 

System feasibility demonstrations are usually quite expensive and 
involve large organizations. Of necessity, they often involve military 
personnel, Government launching facilities, military missilg 
ranges. Here we combine the peculiar talents of the Department of 


Defense and its military services with industrial companies, and jy | 


some cases research institutions and universities, to achieve a given 
feasibility demonstration experiment. 

And, finally, the system studies are accomplished by analysts who 
have a broad technical competence in the field so that they can giye 
due consideration to all the facets and factors that have to go into 
such a complex analysis and design study. 


I believe that we make good use of the scientific and technical talents ° 


of our country. We use the military services as our agents for letting 
contracts with industry. In this manner, we not only avoid buildin 

up our own contractual personnel but we also make good use of the 
capable technical monitoring organizations within such agencies as 
ONR, ACS, ABMA, and ARDC to help guide these projects in the 
proper direction. We use the talents of consultants and technical ex. 


erts to orient our research and development work. Very importantly, . 
Pp 


we have a small staff of technical experts asserhbled at ARPA to 
formulate our technical thinking in these different tasks. 
Gentlemen, at you know, I have been with ARPA a very short 


time, but in this short time I have been very impressed with the techni- | 


cally astute approach that has been given to our work, the careful 


technical evaluations that have been made in selecting the various | 


projects, the high caliber of the technical and administrative staff of 
the Agency, and the unusual competence of other people in the military 
establishments with whom we deal. 

Before I came to the Pentagon, I had some misgivings about the 
people and the methods that are reportedly used here. I have, how- 
ever, been pleasantly surprised to find competent people who are 
dedicated to their work and who have the country’s interest foremost 
at heart, people who are mature and who can be reached with logical 
arguments. 

Mr. Quieiey. Mr. Sutton, you have learned a lot in 3 weeks. 

Mr. Surron. Thank you. 

Mr. Quieuey. Seriously, that is an excellent statement. We ap- 
preciate your being here. 

Questions ? 

Mr. Cuenowern. I am sorry I wasn’t here at the opening of the 
statement, but it is a very comprehensive statement. I was interested 
in this last statement about the type of personnel that you find here. 
Are we getting the personnel in this field of science and missiles and 
space development that we need? Is there a shortage? If so, what 
can be done to correct the shortage ? 
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We hear so much talk about the Russians are ahead of us, the 
Russians have more men working than we have, we are behind, don’t 
know when we will get caught up. I have never been fully convinced 
in my mind that we are behind, but we hear those statements. It is 
pure speculation. We hear all sorts of rumors and gossip that is 
going around. Just what are your observations ¢ 

Mr. Surron. My observations, sir, are limited, of course, to the 
Advanced Research Projects Agency. I have a very high regard for 
the technical people that are there. I think they are extremely com- 

tent. I think that we have not any undue amount of trouble in 

tting these people. We find that the positions that are open in 
ARPA are of sufficient importance to our technical people that we 
have had no real major problems in peer 

Mr. Gove. If I may interrupt, we also leave them alone to do 
their work, sir, which is sometimes quite a compelling argument. _ 

Mr. CuenoweTH. How many do we have in ARPA now? What is 
the total personnel 

Mr. Surron. Sir, we went into this before you came in, but we will 
be glad to repeat this. The total number ob people that are on the 
technical staff, as you might call it, is in the neighborhood of 40, and 
will probably go up higher than that in the category of contract em- 
ployees. We have in addition to that capable technical people in other 
portions of the organization. 

How many would you say ? 

Mr. Gove. It is about 30, sir. There are actually 18, 9 and 5. 

Mr. CuEeNowerH. That is the whole staff, the whole personnel ? 

Mr. Goveu. That is right. So the total is about 80 now. As we 
said earlier, Mr. Chenoweth, this number is necessarily going to have 
to increase a little. Mr. Johnson and the rest of us are not going to 
have a big staff, but it will have to increase both on the technical side 
and to a very limited extent on the operations side because of the as- 
signment yesterday of rather broader responsibilities in the field of 
missile defense beyond that which is incorporated in the existing 
Zeus-BMEWS problem. So we are pero talking ultimately of a 
total of 100 people. This includes all of the support type—the mes- 
senger that rides around with a three-wheeled bicycle to carry mes- 
sages from here to there, and that sort of thing. 

Mr. CuenowetH. These are not all technical people, then ? 

Mr. Goven. No, sir; although by far the bulk of them are. 

Mr. CuenowerH. I think that is all, Mr. Chairman. 

Mr. Quietey. Doctor? 

Mr. Hecuier. I wasn’t quite clear, Mr. Sutton, from your discussion 
on solar concentrators as to how far you had progressed in this field. 
You indicated here some of your generalized objectives, but just what 
progress have you made in terms of converting solar energy ? 

Mr. Surron. The sun’s energy is the most available form of energy 
inspace. It is there. You can use it for nothing. There are a number 
of different ways in which you can use it. First you can use it without 
any concentrators in photocells. This converts the sun’s heat energy 
basically into electricity. This is the method that has been used in 
Vanguard. It has been used in quite a number of other missiles, and 
this works well. This is essentially proven. 
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The second method that you can use is you can use the sun’s ener 
on something that you might call a thermoelectric device similar to 
a thermocouple. These are also fairly well proven. They are gtijj 
quite heavy, and there is not too much of this being flown. 

The ultimate version is one where you use something akin to a tele. 
scope to concentrate the sun’s energy into a very small area. In this 
manner you can get very high temperatures and you are likely to ge 
much better efficiency. But, in order to catch this energy, you need 
some very big mirror systems. 

I mentioned that for something like 25 kilowatts of power you need 

something like 2,000 square feet of surface of a mirror to concentrate 
this properly. If you wish to use this power for propulsive purposes 
and use this in some other mechanisms to push yourself, you will prob- 
ably need in the order of a megawatt of power, and you will need q 
mirror maybe 200 or 300 feet in diameter. The real difficulty here is 
to make these solar systems light in weight. You need to have a 
mirror that weighs almost nothing, very thin foil that is stretched 
with wires and stretched with very thin structural members so that 
it would be very light. When you do that, you find that you don't 
have a very good mirror. A good mirror has to be a very fine, g 
optical surface. If you stretch it with baling wire and some other 
tricks, you don’t get a very good surface, and the mirror concentration 
effect of the sun is not as excellent. 
So we are still knocking in this area. We have made some experi- 
ments in the country with small mirrors and very small powers that 
are reasonably satisfactory, but the large powers are quite difficult 
to make in a lightweight version. 

Mr. Hecuier. What I was trying to get at is: Are you optimistic 
about the prospects? This is a difficult question to ask a scientist. 
Mr. Surron. I am very optimistic about the prospects in the small 
power range. I think we will learn eventually how to do this in big- 
ger powers, and I feel we will do it, but I am not as optimistic about 
that today as I hope to be maybe 5 years from now when we get some 
of these research results. 

Mr. Hrcntrr. Are you supervising anything in the way of re 
gearch and the possible use of coal or its byproducts for rocket fuel! 

Mr. Surron. Sir, I do not know if ARPA at this time is sponsor- 
ing any such work. I can report on some previous work that I am 
familiar with if you just want to know the answer to the coal question. 

The attainment of high performance requires the use essentially 
of pure chemicals. ‘The use of coal as such has not been very satis: 
factory, because coal, as you know, is not a pure chemical. It isa 
mixture of various thing. You cannot be certain that you will have 
the same constituents in coal at all times. 

However, there is some good promise for using refinery products 
from coal as propellants. Coal directly doesn’t look very hopeful. 
Mr. Hecuirr. I didn’t mean that. I meant the refinery products 
Mr. Surron. Yes; there are a number of possibilities there. 

Mr. Goprt. There is one contract that we have. I don’t remem- 
ber, Mr. Congressman, the amount. It is not as terribly large a con- 
tract as these things go—on the order of a million dollars—to do fur- 
ther investigations in the field of the use of refinery products of coal, 
that ARPA let last fall. On the basis of this we will be able to make 
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a determination of how much further we can go in the area of synthe- 
sizing chemicals from coal derivatives for our purposes, which are 
rimarily in the propulsion field. 

Mr. Quietey. I would think Penn State University or the Uni- 
versity of West Virginia ought to be willing to do that for nothing. 

Mr. Gopet. That is illegal, Mr. Chairman. We are not allowed 
to get for-nothing research done. 

Mr. Hecuter. A dollar a year? 

Mr. Quietxy. Believe me, if they would come up with the answer, 
I think they would help both of their States considerably. 

Mr. Hecuter. Shifting for a minute to the question of ballistic 
missile defense, which you discussed, Mr. Sutton, it has frequently 
disturbed: me before this committee, and I think this is an appro- 
priate issue to discuss in open session, that witnesses on the intelligence 
side appearing before this committee have frequently expressed igno- 
rance about what is going on on our side and, likewise, witnesses on 
the so-called operational or G—3 side have expressed ignorance about 
what is being done by our potential enemies. 

I would like to ask you as a relative newcomer to the Advanced 
Research Projects Agency if you feel that there is a sufficiently close 
contact and sufficiently full understanding on the part of those of you 
who are working on ballistic missile projects of precisely what Russia 
has and what we are trying to do in order to meet what Russia has? 

I am deeply disturbed, and I think many people are disturbed 
throughout the country that there isn’t sufficient close connection, 
that the left hand doesn’t know what the right hand is doing in these 
areas. Perhaps Mr. Godel has had considerable experience in the 
intelligence field and might want to supplement your answer, but 
I want to hear what you as a newcomer have to say on this situation. 

Mr. Sutton. In becoming acquainted with our work in the ballistic 
missile defense area, I was very pleased to learn—I hope it will please 
you—that we pay considerable attention as to what would be the 
threat that we have to defend against because the defense system will 
look very different if the threat is different. 

In other words, if we have to defend against a large number of 
missiles, a small number of warheads, or against sub-launched missiles 
versus big space-launched missiles, all this makes for different defenses. 

There has been quite a bit of coordination and study in this area. 
In the short time I have given to this, I feel reasonably satisfied that 
there is good coordination. I will pass to Mr. Godel here. 

Mr. Govern. I think there is a great deal of coordination. I think— 
if I may use the word—the phenomenon that you see is the problem 
of people who are assigned a Specific area more or less under a stand- 
ard operating procedure requirement. The intelligence at large is 
barred from reporting on what the opposition is. It is allowed only 
to report what are the facts that we can glean from our intelligence 
operations. 

Mr. Hecuurr. You can’t compartmentalize this business, though. 
It seems to me what we should be doing—although it should not be 
simply a reaction to what the Russians are doing—is we should take 
into full consideration what the Russians are doing. 

Mr, Goprt, That’s right, sir, but it is a matter of level, which is 
what I was going to address myself to, the person who is funda- 
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mentally an intelligence officer reports to management. The pers, 
who is fundamentally an operator, designer, or developer reports jy 
management. It is only at a relatively senior level, the colonel level, 
if you will, or above, that these two things are in fact married. 

I am certain that in the area of ballistic missile defense, both withiy 
ARPA and as that function is also being carried forward in th, 
Army, Navy, and Air Force, the nature of the threat is most cap. 
fully defined by those who are responsible for developing a defeng 
against it. As you indicated, that is in ARPA, at least, partly y 
function of our office. 

As recently as yesterday I entered into a long, long discussion with 
the director of Mr. Sutton’s group on missile defense—*‘Dammit, yoy , 
don’t need this because the Russians aren’t going to do that.” Yq 
can demonstrate that this is not so. Unless in fact is there—let mp 
say, the fact being there, then the missile defense people go to sle 
on that one and worry about another one in which the threat js 
greater. 

So we do have a very close interchange of information as we knoy 
it. It is always necessary and I think fair to assume we do not knoy 
all we would like to know about the Soviet Union. To design a &. | 
fensive system, then, which is capable only of defending against that 
which we categorically positively know, without 10 percent for 
“Maybe I don’t know enough,” added to it, would be very dangerous 
indeed. All we would like to know about the Soviet Union’s offensive 
capabilities we do not know. I have said before, as you know, we 
know a great deal more than most people who are not intimate with 
it would perhaps be aware that we know. 

Mr. Hecuter. I am testing this as far as I can in open session and 
ask whether you in ARPA have examined and anticipate that the 
Soviet Union will use decoy missiles ? 

Mr. Gopet. This is precisely the subject we discussed yesterday, sir, 
From an intelligence point of view—let me change that and say that 
we have arrived at the conclusion that the Soviet Union is extremely 
unlikely to decide to want to use them. We cannot say, however, that 
they categorically won’t, and if they do, the problem 1s so much more 
complicated that we must at least put some effort into insuring that 
we can withstand that kind of a threat to our securiy. | 

It is so easy to do, to add decoys, that even though they did not 
do so in the first instance, if we were to design a defense against a 
nondecoy discrimination attack—that is, one that did not have decoy 
discrimination in it—it would be a matter of 30 days for the Soviets 
to modify their vehicle and so employ decoys. 

It would be a matter of a great deal more than 30 days to designa | 
defense against it. For this reason one has to arrive at the logical 
argument that you had better build within a little bit better, because 
it will take you longer to defend than it would to change the offensive 
pattern. 

Mr. Hecuter. I am for that. 

Mr. Quictey. Mr. Godel, is ARPA the way out of the wasteful 
wilderness that we have been in so long—Jupiter-Thor being one 
horrible example, the Nike-Zeus—Bomarc controversy and confusion 
at the moment, and others? Is there any chance that we might get 
away from it through ARPA? 
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Mr. Govet. In my judgment, sir, it is a way out with, I must say, 
limited ultimate potential. You would not achieve in my judgment— 
ou could not achieve in my judgment—the total solution to the prob- 
em you are talking about across the board. Dr. York testified be- 
fore your committee the other day that there are 10,000 or so kinds of 
‘yst research projects. If we then added to this all of the operational 

roblems, all of the logistics problems, all of the administrative prob- 
los all of the personnel problems, these could not be and should not 
in my judgment be totally concentrated in a single entity—surely not 
one that looks like ARPA. 

However, in the area where you have “crisis” problems—I use this 
word in quotes—and particularly in the research field where one can 
see, as I suggested to you earlier, a common user development pro- 

am, it is In my. judgment an extremely good way out of the prob- 
em you are talking about. It is, perhaps, further than this, as a 
management concept it is a first step to a broader range solution of 
the tremendously complex problems confronting the personnel in the 
Defense Department, which doesn’t mean you give ARPA more work. 

What you probably need is some idea of being able to manage with 
a limited group of people the problem which transcends the im- 
mediate interest of one military department. You might need this 
kind of a system to be worked out in supply and logistics. You might 
need this kind of a system to be worked out in personnel, handling 
this manpower personnel and research and so forth. 

This is strictly a personal opinion, but I have been concerned at 
yarious times in the Office of the Secretary of Defense with this 
broad problem over the years. I do think that the ability to centralize 
management without centralizing performance of work is, as a 
eeerny, the way to move forward toward the solution of these 

roblems. 

: Again may I repeat, sir, ARPA is limited in its scope and should 
in my judgment constantly remain so. You cannot tackle—there is 
a phrase we use sometimes, you cannot tackle the whole range of the 
vast problems in a halfway manner. But you can attack these lim- 
ited areas of research quite clearly in this way in my opinion. 

Mr. Quietny. You view yourself basically as a troubleshootin 
outfit in the research and development field. You take on the toug 
ones, you take on the odd ones? 

Mr. Gopex. Yes, sir; this is perhaps fair. I would conceive, as 
an example, that when we get space as a technology a little farther 
ahead than where the Wright brothers had their airplane, our in- 
terest in space will considerably decline because it will no longer be 
troublesome. When we know the answers to the kinds of things Mr. 
Sutton has outlined here, then they can be rid of it, and as a trouble- 
shooting agency it will be out of that area, yes. 

Mr. Quietey. Let me ask you another line of questions—— 

Mr. Hecuter. Along the line of the question of economy in which 
I am deeply interested, like Mr. Sutton, I am deeply impressed by 
the technical competence of the personnel in ARPA. I would like to 
get your thought on some of the managerial things you have been able 
to achieve in the way of economies that could not have otherwise been 
achieved without this organization. 
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I wonder if you would submit for the record a statenient of the ways 
in which ARPA has been able to achieve economy in the operation of 
those programs under your control? I don’t want figures in dollar 
and cents, but I would like to have a statement of the steps that yoy 
have taken, the steps you are planning to take in the future whic) 
would serve to achieve economy. 

Would that be possible ? 

Mr. Govern. Yes, sir, I am sure it would. We have quite a lot of 
evidence on hand on this subject right now. 

(The information requested is as follows :) 


ARPA’s primary mission is the achievement of rapid progress in compler, 
high-cost, top priority fields of advanced military research and development, 
One of the keys to attainment of that objective is the elimination of unnecessary 
duplication of effort—duplicatory effort wastes and dissipates funds, facilities 
material, skilled technical and managerial personnel and time. Optimum 
utilization of these limited and precious national resources is a fundamenta] 
requirement of national security generally, and of advanced research jy 
particular. 

There is no prior standard of performance against which one can measure 
the dollars and cents advantages achieved by the ARPA other than past expe 
rience with competing military programs in other fields which were wastefy 
unless properly controlled. The danger of unwarranted duplication was sensed 
at the outset of the Government’s entry into outer space and other fields of ad- 
vanced research and steps were taken, before the fact, to curb such deleterious 
effects as would be likely to accompany accelerated research and development 
effort. The ARPA organizational concept was one of these and its nature has 
been discussed in our testimony. Therefore, the validity of ARPA’s actions 
can only be measured by the extent to which the Agency has carried out the 
intent of that concept. 

From the point of view of eliminating duplication, it is obvious that economies 
result when one agency rather than three are engaged on the same project. 
Even with enough resources to go around, triple the effort is not required to 
accomplish the single job. When resources are scarce and very costly, competi- 
tion among the three aggravates the problem of scarcity, tends to bid costs up 
and may result in serious loss of time in completing the project. Such multiple 
approaches to a given military project are quite likely to occur when two or 
more services have an interest in the same project. 

The Secretary of Defense and ARPA assure that service duplication in ad- 
vanced research in space technology, ballistic missile defense, solid propellant 
chemistry and materials research is minimized by creating and implementing 
certain basic ground rules. For example, with specific reference to space proj- 
ects, it is the policy of the Secretary of Defense that all projects utilizing the 
space environment normally be supervised by the Advanced Research Projects 
Agency on behalf of the Department of Defense. The only exceptions are aero 
medical research investigations and studies and feasibility investigations con- 
ducted under certain conditions specified by the Director, ARPA. In general, 
then, the Secretary of Defense assigns space projects to ARPA and ARPA 
proceeds to select a qualified agency to execute them. 

Furthermore, the military departments cannot independently undertake space 
projects except upon the express approval of the Director, ARPA, for projects 
assigned to him, or of the Director of Defense Research and Engineering for 
projects not assigned to ARPA. Proposals for space projects prepared by the 
Services for submission to the Director of Defense Research and Engineering 
must first be coordinated with ARPA. 

It is obvious, of course, that in scientific endeavor a certain amount of dupli- 
cation of effort and freedom of thought is inevitable and indeed necessary. In 
order to encourage rather than stifle, particularly in areas of basic exploratory 
studies and feasibility investigations, the Director, ARPA has authorized the 
military departments to enter into contracts, using their own funds, under the 
following financial limitations: $150,000 maximum for work in solid propellant 
chemistry and ballistic missile defense and $500,000 for all other ARPA project 
areas. 
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In addition to eliminating the duplication inherent in multiple Service ap- 

roaches to a given problem, ARPA exercises even more refined and selective con- 
trols over advanced research. ; ARPA not only stops multiple approaches, it as- 
signs the projects to the organization—military or civilian—best able to perform 
the task. Going one step beyond, it May even assign sections of a project to 
different military or civilian organizations in order to take advantage of pockets 
of highly developed competency which simply ‘annot be found in any single 
agency or firm. In short, by preventing all interested parties from undertaking 
the same task, while tapping the special capabilities of each, ARPA both elimi- 
nates duplication and optimizes the utilization of expensive and skilled national 
resources. 

ARPA also stimulates economies, in part, because of its location in the or- 
ganizational hierarchy within the DOD. ; It has been inserted into the DOD at 
the top where problems can be spotted quickly and remedial action can be taken 
jn a like manner. Accomplishment of ARPA’s activities is so vital to national 
security and the economic price of failure due to inadequate management so 
great, that the Secretary of Defense has singled ont ARPA as the entity re- 
sponsible for successful prosecution of the military space effort and other ad- 
yanced research. Therefore, ARPA is held clearly responsible and represents a 
focal point of accountability useful to both the Secretary of Defense and to the 
Congress from a policy, fiscal and public relations standpoint. It is no secret 
that muddied lines of authority and responsibility have been a traditional source 
of inefficiency and waste in large-scale industrial undertakings. 

The existence of ARPA also permits the DOD to pursue projects of special 
merit which might otherwise fail to be accomplished. It is conceivable that a 
worthy project will be ignored because no single department has sufficient inter- 
est in it. Perhaps more important, ARPA can compensate for the false econ- 
omies which accrue when projects are rejected by a military department because 
of other unrelated budget problems. By concentrating advanced research proj- 
ects in a single independent agency, ARPA, those projects can be said to com- 
pete with their own kind, thereby maximizing the opportunity for rational 
choice between the eligible candidates. There is a strong tendency, even in many 
business enterprises, to overeconomize on research in the interests of a fleeting 
production advantage. ARPA seeks to examine each project on its technical 
merits. 

ARPA saves money by tapping high-price, extremely well-qualified planning 
and advisory talent on behalf of the DOD to pass technical judgment upon the 
merit of a continually increasing flow of complex scientific and engineering pro- 
posals. ARPA can screen the many industrial presentations, in themselves very 
expensive, and speak with authority for the entire DOD. 

ARPA performs a highly significant function in facilitating the exchange of 
information among its service operators and between them and industry. 
Through its reporting mechanism, ARPA has become a repository of priceless 
knowledge which is used (with appropriate commercial safeguards) to benefit all 
other relevant projects and programs. This constantly growing fund of in- 
formation, and its dissemination, works almost automatically to reduce a con- 
stantly diminishing propensity toward false starts, isolated blocs of duplicatory 
effort, ete. 

It is through application, in varying degrees, of these principles of operation 
to each of its assigned projects that ARPA reduces duplication and achieves 
economies in advanced research. For example, because of the ARPA concept 
of doing business, there is one rather than three projects aimed at developing 
a 1%4-million-pound clustered booster (Saturn). Rather than a disconnected 
array of well-intentioned but imperfectly related projects in the area of ad- 
vanced ballistic missile defense, ARPA has worked out an integrated program, 
utilizing competency wherever it can be found, with the objective of achieving 
an effective, feasible ballistic missile defense over a time period extending to 
about 1980. 

Obviously, all military departments have a stake in the potential applications 
of navigation satellites. The initial responsibility for research into this subject 
has been assigned to the Navy and ARPA will monitor the project (Transit) 
on behalf of all interested parties; an example of multiple service requirements 
being satisfied by a single research effort. 

The ARPA Discoverer program for the continuing development of advanced 
space vehicles, systems, components, and techniques constitutes a single test-type 
program which can be utilized by virtually all other satellite projects for the 
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acquisition of data and test of related hardware. It serves a comprehengiy 
test purpose in lieu of two or three separate efforts. 4 

Project Courier illustrates ARPA’s ability to pick and choose among Service 
capabilities to contribute to a single project. In this case, the Air Foree is 
responsible for developing the launch vehicles and the Army has been assigne) 
responsibility for developing the satellite and associated ground communications 
equipment. 

It is through this continuing process of project assignment and review that 
ARPA achieves substantial savings in the administration of a vast research 
and development program. The ARPA concept defines responsibility for and 
removes obstacles in the way of informed, intelligent management decisionmak. 
ing and such decisions are, in the last analysis, the only effective antidote to 
waste, inefficiency, and duplication of effort. 

_Mr. Quieter. Mr. Sutton, I will just comment a little bit to the 
side on this whole business. I am pleased that you were surprised by 
what you discovered in the Pentagon. Even though you have only 
been here 3 weeks, I don’t think you are going to find too many people 
that aren’t competent. I don’t think you are going to find any of 
them that aren’t dedicated. 

I am sure you won't find anybody over there who doesn’t have the 
country’s interest foremost at heart, and of course I am paraphrasing 
your statement. 

But I have a feeling that when you are here not too much longer 
you are going to run into a few people who just can’t be reached with 
logical arguments. 

Mr. Cuenoweru. You are not referring to Members of Congress 
now 

Mr. Quietey. I am not going to make the statement that broad, 
Obviously some of the toughest problems that the Congress is 
struggling with right now, the Bomarc-Nike-Zeus business—this is 
in our lap and I think we are making decisions in an area where we 
are totally incompetent to make them, but we are making them simply 
because the time has come to make a decision and nobody else has 
made it. So we are doing it. 

Really we are not qualified to do it. Let’s hope to God for the 
good of the country we stagger onto the right one. 

(Discussion off the record. ) 


Mr. Goveu. In discussing the basic problem of the acceptability of : 


Government personnel to the country at large, one thing that perhaps 
needs to be made clear is that particularly in the research and develop- 
ment area the kinds of problems confronting the United States, its 
citizens and its industry, are such that research, basic research, can 
only be performed under Government sponsorship. It is beyond 
imagination that any corporation in this country or elsewhere could 
in fact obtain the necessary know-how, sponsor the necessary research, 
and undertake the development program that is required to place, for 
example, a communications satellite into space. 

At the same time, the commercial application of such a satellite 
will have tremendous effects on the total economy. It is possible to 
conceive that a single very large dish generally located over the cen- 
tral portion of the United States could permit single-transmission 
television from New York to San Francisco without the requirement 
for all kinds of power relays, coaxial cables, and so forth. 

Only as a product of Government research, much of it undertaken 
as a function of our national security, can these kinds of commercial 
benefits be realized on behalf of the entire Nation. 
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This seems to me to justify in some degree the kind of effort that 
those of us who serve in the Government are undertaking. We have 
really two objectives. We, on the one hand, make a contribution, we 
are certain, to our national security. We are equally certain that 
these contributions will have, as they have in the past, a significant, 
commercial, peaceful national kind of application. 

Mr. Surron. I want to be sure that we do not leave with you the 
impression that all fundamental research must be Government spon- 
sored. I want to maybe make a distinction between various types of 
research and sponsorship programs. The fundamental research, the 
real basic projects, come in different kinds. There are projects largely 
run by an individual scientist, a very capable man. 

This kind of project doesn’t require very much money and not very 
many facilities, mostly maybe paperwork. This kind of thing goes 
on in all the laboratories, commercial, private, and Government. A 

part of our research is in this area. 

In this area there is a lot to be gained from having commercial com- 
panies do research, and a number of our projects have stemmed from 
some fruitful thinking of some individuals outside the Government 
who have brought them to us. 

In the next category of expenses is what you might call group 
research projects where you have three or four real good capable 
thinkers and a bunch of doers around them who are working on 
specific research projects. Some of the basic materials research work 
[have told you about is in this category where there is a group of five 
or six people working as a team. 

That is a little more expensive. It is still financed by private 
industry, in some cases even by private universities or educational 
institutions; and a portion of it—not too big a portion—by the 
Government. 

But the third category is the expensive category, where special tools 
are required to prove a physical principle—such tools as expensive 
wind tunnels, or the down-range instrumentation ships that I was 
telling you about to measure what goes on up in the upper atmosphere 
when a body flies through it with radiation measurements. These are 
very expensive research tools which are necessary to verify or disprove 
certain theories or axioms, and they come in “multibucks” category. 
Here it is unreasonable to expect private universities or private organ- 
izations to have the interests or the funds to do this sort of thing. 

This is where the private people and the private universities have 
looked to Government more and more for help. A good many of our 
research work projects, such as the wind tunnel projects I have told 
you about, are of the nature of a specific research tool that is a very 
specialized tool that is only suitable for solving one or two kinds of 
problems and nothing else. 

It will not be very useful for very many other things. But once 
it has served its usefulness and has shown a principle, then it will be 
the key to open the door to a lot of new projects and problems and 
better weapons systems and better commercial products, too. 

If you agree with me on this, it is in this category that I think the 
Government is being looked upon more than the others. 

Mr.Goprt. I thoroughly agree. I was deliberately speaking of only 
thethird category. We have, as a matter of fact, some small feeling— 
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if I can just add one remark—or pride—if that’s the word—in th 
Defense Department by itself. Again one takes a project such 
Project Mercury, being very capably administered by the Nationg| 
Aeronautics and Space Administration; one can take the example of 
the recently concluded International Geophysical Year researeh 9 
the Antarctic. Neither of these projeets could have been undertaken 
even within the Government without the—if I may use the temm— 
“peacetime utilization of the military potential of this country,” ] 
have sometimes said somewhat facetiously that the National Scieng 
Foundation and the International Geophysical Year wanted 19 gciep. 
tists to live for a year or so at the South Pole. In order to perform 
this task, the U.S. Navy and the U.S. Air Force had to spend upward 
of $100 million, 20-odd ships, and four or five thousand men to put 
the 19 scientists down there just to feed, house, clothe, and build their 
station for them. 

This, we think, is a very useful contribution of military potential 
in time of peace. Again, in Project Mercury this vehicle cannot be 
launched, and surely we can’t afford to build a duplicate facility; we 
should use those which in any case are there for national security re. 
search—Cape Canaveral and the Pacific Missile Range. 

The ground environment, the recovery techniques, will employ a 
very considerable number of Army, Navy, Air Force personnel, ships, 
and equipment as a necessary adjunct to the support of the operation, 
So illustratively, these give the feeling that we aren’t just pouring 
the defense money down into a war chest, but there is a very real 
amount of good to the Nation at large coming from the kinds of 
things which we must in any case do for our own national security. 

Mr. Quiciey. There is one other line of questions I want to touen 
on briefly. Your basic program is fairly well outlined. You know 
what you are doing—the fields in which you are going to be operating, 
Have you in your experience, in your existence, had a hot potato 
dropped in your lap—the question of financing it or getting started 
onit? Hasthis been a problem; or is it likely to be? 

Mr. Goveu. Sir, we are all in the business of distributing shortages, 
whether in Congress or elsewhere. Yes, we have had hot. potatoes, 
potatoes with regard to their financing and also as with regard to the 
desirability of doing a project—the urgency of the project. 

These, I think, have been, thus far, resolved to the satisfaction of 
our boss, Mr. Johnson, and his boss, the Secretary. They have not 
always been resolved without some pretty thorough discussion, and in- 
deed an occasional swear word attached to them. Occasionally, the 
logical argument had to be emphasized with somewhat more illogical 
persistence perhaps. But, yes, sir, we get these all the time. 

Thus far we have been able to resolve them to our satisfaction and 
within the general limits, the overall limits, of the priority, the r- 
source availability, that can reasonably be adjudged to be available 
for these purposes. 

Mr. Quieiry. Gentlemen, I thank you both for coming here today 
and for your further contribution to my education in the general 
overall field of research and development. 

If there is no other question, the meeting stands adjourned. 
(Whereupon, at 11:45 a.m., the subcommittee was adjourned.) 
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EXECUTIVE SESSION 


BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH IN 
THE DEPARTMENT OF DEFENSE 


TUESDAY, JUNE 9, 1959 


Hovsr or 
CoMMITTEE ON SCIENCE AND ASTRONAUTICS, 
SuBCOMMITTEE No. 3, 
Washington, D.C. 


The subcommittee met at 10 a.m., Hon. Victor L. Anfuso (ehairman 
of the subcommittee) presiding. 

Mr. Anruso. This meeting will come to order. 

I welcome you back, Admiral Hayward. You will be the first to 
testify, and I think you have something of great interest to tell us. 


STATEMENT OF VICE ADM. J. T. HAYWARD, USN, DEPUTY CHIEF 
OF NAVAL OPERATIONS (DEVELOPMENT) 


Admiral Haywarp. Mr. Chairman and members of the committee, 
Iam Vice Adm. John T, Hayward, Deputy Chief of Naval Operations 
for Development, and appearing with me today is Rear Adm. Rawson 
Bennett, Chief of Naval Research. 

I shall discuss primarily systems development; that is, that portion 
of the research and development program which has precise goals to 
meet the current operational requirements of the operating forces. 
This is the new hardware, the weapons and supporting equipments. 

Admiral Bennett will discuss the very important basic and sup- 
porting research programs of the Navy which are absolutely essential 
to furnish the basis of future development systems. It is important 
for you to understand that the development systems I shall speak of 
represent the fruit of much of the basic and supporting research that 
has been carried on in the last 10 years. 

Preliminary to our presentation, however, I would like to tell you 
briefly something of the Navy organization for the conduct of 
R. D. T. & E. in the Navy. 

I will show you this viewgraph, which is a simplified diagram. I 
don’t have all of the lines in it, but to give you some idea of the system 
in the Navy. 

As you are familiar, the Navy is a bilineal system. There is the 
Secretary of the Navy and his oflice on the left here, with the Assist- 
ant Secretary of the Navy for R. & D., and then the materiel bureaus 
down below, and under the bureaus you have the R. & D. laboratories 
and facilities and universities and nonprofit laboratories supporting 
the program. 
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Now, Admiral Bennett is Chief of Naval Research. He also wearg 
the hat as boss man of the Office of Naval Research. I sit over in the 
Office of the Chief of Naval Operations and have requirements that 
come from not only the operating forces and fleets but they would 
also come from laboratories having an idea on a system or something 
of this kind. It would come this way [indicating]. 

Also, you see NASA and you see ARPA down in the Office of the 
Secretary of Defense, and Dr. York. 

Actually, I have a dotted line to Dr. York, and he has an open 
door. Isit on his R. & E. Policy Council. 

But this will give you some idea of the organization in the Nayy 
for the conduct of R. & D. and T. & E. 

Now I would like to turn to our 1960 program, and for your pur. 
poses Admiral Bennett and I have prepared a summary—— 

Mr. Mircuety. Let me interrupt you right at that point, Admiral, 
What is the relationship between your office and Dr. Glennan at 
NASA? 

Admiral Haywarp. Actually, I am an alternate member of the 
Civilian Military Liaison Committee. There are no direct lines from 
my office to Dr. Glennan’s office. 

In the Department of Defense you have ARPA, who is really the 
interphase between the Space Agency and the Department of Defense, 
T can deal directly with Dr. York and Mr. Johnson. But I also sit 
on that one committee, which is the civilian military liaison, 

Mr. Mirenev.. Thank you. 

Admiral Haywarp. We have prepared a summary presenting the 
program which is now before Congress and in the President’s budget. 
In succeeding sessions you will hear more detail of the guided-mis- 
sile program, the antisubmarine warfare program, and the aircraft 


program. 


Now, our R. & D. program must be patterned to assure early and 
continuing ability to cope with the divergent threats anticipated in 
the present and future scientific and technical environment. 

While we must produce advanced weapons systems to insure early 
and orderly production, we cannot forget the necessity to improve the 
Navy’s inherent capability to engage in limited or peripheral wars 
or more definite wars of limited objectives. 

This program is, of necessity, very broad in scope. 

Although many of the Navy’s operational requirements are similar 
to those of the other services, there are many important aspects in the 
development of naval systems which are unique to the Navy. 


similar to those of the Air Force but complicated by the fact that 
these aircraft must operate from aircraft carriers in a significantly 
different environment with respect to space, weight, launching, and 
recovery limitations. 

Many of the missile problems of the Navy are unique, due to such 
factors as the necessity to launch from a rolling, pitching and moving 
platform, and by the necessity to produce missiles adaptable to limited 
space and weight eonsiderations and the general environment at sea. 

The Marine Corps, in its traditional role as a force in readiness, 
requires light and compact weapons. It is only by employing such 
equipment that the Marines achieve their great tactical mobility. 


In naval aviation, for example, there are aircraft requirements | 
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In the field of underwater research, which embraces not only the 

fundamental sciences of hydrography, bathymetry and oceanography 
but also the numerous problems associated with underwater weapon 
and surveillance equipment, the Navy is the only service directly 
involved. 
The Navy R. & D. program, then, must encompass such broad areas 
as offensive and defensive operations with ships, aircraft, submarines, 
antisubmarine warfare, air defense and amphibious operations. In 
planning for these programs, we must assure that they are within, and 
responsive to, our national economy and resources. 

In the President’s fiscal year 1960 budget now before Congress, the 
request for research, development, test and evaluation totals 
¢970,920,000. This limited budget is in support of an R. & D. program 
which encompasses objectives designed to insure adequate and prop- 
erly directed support of our national interests. The principal objec- 
tives of this program are: 

Increased ASW effectiveness. _ 

Improved striking force capability, including Polaris, the applica- 
tion of nuclear propulsion to naval systems, improved electronic 
countermeasures capability, and increased effectiveness of offensive 
and defensive missiles and aircraft systems. 

Increased air defense effectiveness, especially in long-range detec- 
tion tactical data processing and control of aircraft and missiles. 

Increased amphibious capability with emphasis on dispersed 
landings and vertical envelopment operations. 

Exploitation of space technology for improvement of the Navy's 
combat capabilities. 


A broad and comprehensive program of basic and supporting 
research to provide for our future capability. 


It is not the intent of this presentation to discuss the details of 
budget submissions for the fiscal year 1960 R. & D. program; How- 
ever, it will be of interest to note the major areas of emphasis, includ- 
ing funding requirements and examples of important RK. & D. projects 
planned for fiscal year 1960. For this purpose, the program will be 
presented in two parts: 

The first part includes weapon and supporting systems develop- 
ment, test and evaluation planned in response to the operational re- 
quirements of the Chief of Naval Operations. These systems are the 
hardware items that must be available to the fleet on a time scale to 
maintain the competency of our operating forces. 

The second part includes the basic and supporting research, which 
will be discussed separately by Admiral Bennett. 

With regard to R. & D. of weapon and supporting systems, func- 
tional areas have been established to reflect the total budget submis- 
sion now before Congress. Funding information for fiscal year 1959 
and submissions for fiscal year 1960 are as shown on this viewgraph. 

As you can see on this viewgraph, we have broken out Polaris and 
also the Pacific Missile Range. As you know from your previous 
presentation on Polaris, we have made considerable progress, and you 
know the situation as it stands today. There is no serious obstacle to 
success that we see, and we are on schedule and should meet. our ob- 
jectives, and of course you had a briefing on the Pacific Missile Range 
and how the Navy has the management job for that. There are three 
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national ranges, as you know, the Atlantic and White Sands ang 
this one. 

Now, the funding of basic and supporting research is shown there 
only for the purpose of relating it to the total submission, and it wil] 
be discussed separately, of course. 

Now, I want to pot up here, as you see the totals before you, we 
have the new total which covers $970,920. We will come back to this 
figure. 

Now, within the functional package, as shown here, we have a nun. 
ber of promising developments, and I would like to show you some 
of these systems. 

R. & D. in antisubmarine warfare continues to respond to high 
priority demands for improvements in the state of the art. The fiscal 
year 1960 program will provide an increased effort in the develop. 
ment. of antisubmarine surveillance and weapon systems. In par. 
ticular, it will provide for development of systems, both mobile and 
fixed (active and passive) for detection, localization, classification, 
and kill of all types of enemy submarines, including quiet, deep-run- 
ning, nuclear-powered boats. 

There are a number of advanced antisubmarine weapons in vary- 
ing stages of development. One of these is the * * * weapon devel- 
opment, which is shown here. 

Now, this, as you can see, is a weapon * * *, It is a system that 
will provide an effective * * * capability for destroyers against the 
most advanced submarines expected during the next * * * years, 

For aircraft delivery * * *. Because of its small size and weight 
* * * it is particularly attractive from the logistics point of view. 
Due to its size and weight, it can be carried by any aircraft, helicopter, 
or blimp. Due to its versatility, this weapon may replace several 
weapons in current stockpile. That is one of our problems, the 
complexity of the * * *. 

The * * * shown here, is now under development, scheduled for 
operational evaluation in 1960. It will be controlled from a destroyer 
and will be capable of delivering * * *. 

Both of these weapons will be effective against the most advanced 
* * * Range of operation of the * * * will be some * * * fromthe 
controlling destroyer. So you see, it would have much greater standoff 
distance than the * * * system. 

For submarines, the * * * shown in this viewgraph, is launchable 
from the torpedo tubes of * * *. It will extend the kill range of 
* * * This will make more effective the detection systems under- 
going R. & D. 

This same system can be used with a torpedo as well as a * * *. 
The * * * is the first on the development program, however. 

Major developments in mine countermeasures will include a towed 
mine location and destruction system, a helicopter mine countermeas- 
ures system, and a pressure minesweeping hydrofoil. These develop- 
ments are essential in order to provide to the fleet at an early date the 
best. mine countermeasures equipment permitted by the state of the art 
in this field. 

Now, the guided missile program provides the best balance attain 
able between the needs of the present and those of the future in both 
conventional and nuclear warfare. New developments will provide 


7 
| 
y 
t 
1 
al 
i 
de 
f 
at) 
rs 
f 
9 
j 
th 
ral 
re 
i 
aur 
the 
det 
we 
dec 


BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 113 


missiles with increased range and altitude performance, multiple- 
target capabilities, interchangeable high explosive and nuclear war- 
heads, and improved homing guidance systems. 

To best illustrate the trends in guided missiles development, let us 
examine briefly the history of the growth in the Talos surface-to-air 

m. 

This growth has culminated in * * * a most attractive Talos model 
designed to combat the increased ar threat in the . 

This viewgraph will show how it has evol ved. 

For the committee’s information, the Talos program grew right 
after World War II: the Bumble Bee program, the Terrier, the 
Tartar, the Talos are all missiles out of this program, __ 

It is os manage to realize the difference between the Navy’s surface- 
to-air problem, and one of the biggest ones is that in our future ships 
in a lot of cases there will be no guns at all, so our surface-to-air 
missiles must have a surface-to-surface capability. Otherwise, the 
ship has no offensive power whatsoever. This is where we really differ 
from both the Air Force system and the Army system. 

Actually, the first Talos missile which is coming along now is going 
to be used on the * * *. One, of course, hasa * * * and the other a 
* * 

Now, the improved model will be installed in the * * *. Continued 
improvements have permitted the development of the model 6-C1 
Talos, which has * * * for use in the same missile. 

Now, the culmination of all of the growth is in the * * * and there 
this will permit the development of a missile that will have a * * * 
range, up to * * *, — 

This is a ramjet, gentlemen, just in case you don’t know it. 

Now, it is going to be actually no larger than the present Terrier 
missile which we have on the * * *. It is designed to have a capa- 
bility of defending the fleet against short and intermediate range 
**%* Tt will have, in addition, increased multiple-target capabil- 
ities and the ability to operate in the expected * * *, 

In the air-to-air missile program a realtively new concept is being 
adopted in the * * * development. 

Now, in the past, the trend has been to build bigger and faster fighter 
aircraft to cope with the increased performance capability of enemy 
aircraft and missiles. In fleet air defense, unlike continental air 
defense, this has resulted in decreasing dividends. The larger and 
faster fighter aircraft have posed greater carrier handling and oper- 
ating problems. What is more significant, the increased fuel con- 
sumption has resulted in reduced time on station for aircraft to per- 
form assigned missions. The * * * concept calls for countering the 
increasing threat by incorporating the required high performance in 
the * * *. This missile is put on a subsonic aircraft and would have 
ranges out to * * *. It is based to a new type * * *. This is one 
reason why you have to cut back in the speed and performance of the 
tirplane. In this case it needs a * * * to get the identification and 
the ranges we are talking about. This is why we went into this system 
rather than the * * * and the other missile. We felt from the air 
defense of the fleet, this paid bigger dividends. From our studies 
we showed that we got more air defense per square foot of carrier 
deck with this system than we did by just going to the * * *, 
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Improvements in the shorter range air-to-air missiles, Sidewinde 
and Sparrow, are being accomplished to increase their versatility ang 
adapt them to the advanced high-speed aircraft. Development of the 
* * * missile program will continue in order to realize the fylj 
potentialities of this * * *. Development of:an * * * for the tact. 
cal ground support air-to-surface Bullpup—this is a weapon that was 
called for by our experience not only in Korea but by Marine yp. 
quirements. * * * 

As you see from the characteristics, it is a relatively short-range 
missile, and the pilot has to see the target. It permits him to stg 
pretty well out of the range of small arms fire. We certainly ] 
forward to succeeding this particular missile with one of a littl 
longer range. But the beauty of this is really its simplicity. It gives 
us a very fine weapon for limited and conventional war. 

Now, the electronics program will be increased significantly over 
fiscal year 1959 to capitalize on advanced technology in this field. The 
program will insure early completion of development of radars 
capable of operating in the face of enemy countermeasures. 

An adequate air defense system for the fleet requires search, de- 
tection, and tracking capabilities at a distance of * * * or more. It 
must provide protection against enemy electronic countermeasures 
and should have effective high-speed data processing and information 
display systems. The fiscal year 1960 program will result in radars 
with ranges to * * * on airborne targets, and capable of successful 
target detection in the face of enemy * * *. The single sideband 
techniques will be exploited to facilitate communications. Major 
emphasis will be placed on development of the naval tactical data 
system. 

This viewgraph will give you some idea of where we have some, 
using this new system. It goes from the present equipment being 
able totracka * * *. Time delays give from minutes to milliseconds, 
and your intercept control goes from * * * to * * *. Actually, the 
ability to command data is practically impossible. On the new ships 
they will have practically all data available. It will all be there 
automatically. 

This system at the event is on the shore installation at the Elee- 


tronics Laboratory in San Diego, and it is going on the two * * * for | 


its first operational evaluation. The system is a tremendous step for- 
ward in the data processing for the Navy. 

The systems in the aircraft and aircraft support field, the 1960 pro- 
gram will provide for the continuation or commencement of significant 
improvements in airborne fleet air defenses and attack systems. Sys- 
tems with the highest priorities in the aircraft functional pack 
include the close air support plane, theA2F, and a carrier-based early 
warning turboprop renin. a the W2F. The W2F is an integral part 
of the * * * system, the long-range air-to-air missile. The A2F isan 
attempt to get an attack airplane for the Marines and ourselves to make 
maximum use of our carrier-based aircraft for support and flexibility, 
not only conventionalwise but nuclearwise. 

Now, it has a radius, a significant improvement in radius t 
in addition to a real all-weather delivery capability. He can take off 
in any weather, locate his target, deliver his weapon and get back 
home again. It is a two-place, twin-engine airplane. It has * * * 
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on it, meets the Marine requirement to take off in * * * which is dif- 
ferent, of course, once again environmentwise than the Air Force has. 
That particular airplane can carry * * * of bombs, and it has * * * 
external stations, and each can be used for anything froma * * *. It 
can be used either in the all-out war or in the limited field. Fleet 
delivery is scheduled for 1962. | 

The W2F there is a twin-engine, turboprop aircraft of increased 
endurance, rm speed tied to the Navy tactical data system, which I 
showed on the Viewgraph, with crew of five. It will be equipped 
with * * * . This aircraft will be equipped with a capability of 
detecting, identifying, and attracting air targets out to * * * and of 

rollin 
The WoF1 will have the advantage of an * * *mission time, at 
* * * and a maximum speed of * * *, This aircraft is scheduled for 
fleet delivery in 1962. ; 

Also under development is a subsonic missile carrying aircraft 
which will enable us to extend our fleet air defense zone out to * * * 
miles. This system will have a multitarget capability with its * * * 

issiles. 

"Phe fiscal year 1960 nuclear reactor program will emphasize devel- 
opment of currently approved reactors for ship and submarine pro- 
pulsion systems to insure their earliest completion, and work will be 
Gained on improving reactors, components, and systems. 

As the committee knows, the AEC does most of the research and 
development in the reactors. We have to provide the support for the 
five specific nuclear reactors in the 1960 program for eventual instal- 
lation of naval combatant ships. ‘These include the reactors for 
the * * 

Programing for research and development includes U.S. Marine 
Corps requirements. The Marine Corps submissions reflect the total 
fiscal year 1960 program planned for systems peculiar to landing 
force operations. 

When you saw the load total on the Marine Corps, the Marine Cor 
not only use the Navy but also use the Army. ‘They are also in the 
Army program for their LaCrosse missile, for the Red Eye, the 

und to air. 

In the area of ground fire support, the Marine Corps is partici- 
pating with the Army in two developments, the LaCrosse, I discussed, 
and an artillery weapon to replace the present standard close support 
artillery weapon. 

This viewgraph shows this system. This weapon will have much 
greater range, greater fire power and lethality and will be transport- 
able by helicopter. It is an excellent example of programs to im- 
prove conventional weapons and equipment so essential for modern 
combat but often overlooked in the environment of missiles and nu- 
clear power. 

Now, my brief comments on the overall research and development 
program and description of specific examples of hardware items 
emerging from research and development reflect a program which is 
based on a careful analysis of the needs of the Department of the 
Navy. It is a balanced, integrated program which represents the 
most carefully a effort, consistent with the national budget and 
policy, to develop, test, and evaluate our next generation of weapon 
and support systems. 
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If there are no specific questions, we could go ahead with Admirg] 
Bennett. 

Mr. Anruso. I think it would be advisable to go ahead, Admiral, 
and then we will ask questions. 1 

Admiral Haywarp. All right, Admiral Bennett will discuss oy 
program of basic and supporting research. 


STATEMENT OF REAR ADM. RAWSON BENNETT, U.S. NAVY, CHIEF 
OFFICE OF NAVAL RESEARCH 


Admiral Bennerr. Mr, Chairman and gentlemen, I am Rear Adm, 
Rawson Bennett, Chief of Naval Research, and it is a pleasure to 
appear before this committee. 

imines} Hayward has been speaking of weapons systems require 
ments and reporting on some of the developments, but all of the 
weapons systems are completely dependent on the state of the science 
and engineering arts. 

The part of the program to be discussed now covers five major 
areas: Basic research, applied research, exploratory development, 
supporting development, and test and evaluation. However, it is 
not always possible to draw precise lines between these areas. 

In these times the subject of basic research is of great interest, 
Therefore, before speaking of present basic research, it may be in- 
formative to mention one or two historic items. 

Years ago a learned man wrote speculatively of splitting atoms, 
A man and a woman then proposed bombarding uranium to try and 
test the theory. They succeeded. Another man tried again and was 
even more successful. 

But long ago, even then a few scientists were interested in the Navy, 
One of them suggested a conference with the man last mentioned, 
As a result, a project was started at the Naval Research Laboratory, 
That was in 1939, and the cost for the first year, for the committee's 
informtion, was $2,000. 

The learned man was Rutherford. The man and woman were Hahn 
and Meitner. The exploiter was Fermi. The man who called in the 
Navy was Pegram. The man who started the Navy project was Gunn. 
The result of this theoretical chain? Ultimately, the Nautilus 
powerplant. 

To move closer to the present, let us recall the project started in 
1947 on polymerizing nitro compounds. Not related to the Navy! 
Well, this is the basis for all solid fuel rockets of consequence now 
coming to fruition in such things as Polaris. 

The Arctic did not appear to be valuable to the Navy in the early 
postwar years. Nevertheless, oceanographic research resulted in 
knowledge that facilitated the construction of the DEW line. The 
discovery and mapping of the Barrow Sea Valley was a part of the 
oceanography. The data were thus there when the transpolar voyage 
of the Nautilus became possible. 

It is now clear that the radiation bands, the Van Allen bands that 
surround the earth, are of great importance in the future of possible 
space travel. They are also thought to be intimately tied in with the 
aurora and magnetic storms. It is not so clear that Dr. Van Allen was 
in a position to produce the needed instrumentation because the Navy 
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had supported his cosmic ray investigations since J anuary 1952, This 
work continues in balloon experiments under ONR-AEC sponsorship 
and inspace probes supported by NASA. 

In 1946 a study was begun on the production and use in the labora- 
tory of high velocity, highly heated gases in shock tubes. Today this 
research has paid off in the solution of reentry problems in the labora- 
tory rather than very expensively and slowly by actual missile firings. 

{wo major points are of interest. The first is that basic research 
that is vital cannot always be tied to a specific naval or military prob- 
lem. The second is that it may take years for a basic investigation to 

Only very rarely does an idea in theory find direct application to a 
Navy problem in the first instance. 

A few other basic research ideas may be of interest. Some theoreti- 
cal work in the analyses of structures has been applied to the stiffening 
frames of submarines. Reductions in weight up to 100 tons and in- 
creased useful volume have proved practicable by model tests. ONR 
andthe Bureau of Ships joined in this work. 

Electrical equipment can be accidentally flooded at sea due to col- 
lision as well as battle damage. A new combination cleanser solvent 
mixture has been developed by the Naval Research Laboratory to re- 
movethe water and even fuel oil from equipment. 

Radio astronomy is of ever-growing importance as a source for in- 
formation on which to base radio navigation devices. A unique radio 
telescope is now in operation by the California Institute of Technology 
at Bishop, Calif., of two 90-foot dishes working together for very 
precise mapping of extraterrestrial signals. 

Scientists can practice economy, too. The Arcas and Arcon research 
rockets developed by and for the Naval Research Laboratory are 
simple, inexpensive devices, less than 15 feet long, yet they can carry 
limited instrument loads up to 80 to 100 miles. 

In the area of medicine, completely cleansed bony material, some- 
times called anorganic bone, appears very successful in animal ex- 
periments in bone grafting, so much so that the material has been 
incorporated into the animal’s system. 

Research in allergens tested in over 100 patients promises eventual 
protection against hay fever for a whole year with one injection. 

A sample test has been made of the theory that when burned there 
are toxic substances thrown off by the skin which the body treats with 
antitoxins developed in the body. In theory, then, blood from those 
who have recovered from burns should help burn victims. Six of 
seven children burned in the Chicago school fire showed radical im- 
provement following the use of such blood. A first step on the possi- 
ble proof of the theory was thus accomplished. 

The treatment of cancers with the linear accelerator, constructed for 
theoretical physics, continues at Stanford with good success. 

The complex problems of oceanography have recently been studied 
by the Navy and by a national committee of the National A sademy of 
Sciences and National Research Council. A 10-year program has 
been Jaid out in the national interest. The Navy has taken the lead 
in forming an interdepartmental panel so that there will be one na- 
tional program. However, the interests are so varied from commer- 
dal fisheries problems to defense requirements that the various 
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agencies are expected to support their own portions of the whok 
national program. 

Oceanography is a broad area with many factors affecting oy 
problems, the temperature structure of the water, the depth of water 
the ocean bottom, the ocean currents, and the waves at the surface , 
Some of these items affect the transmission of sound. Currents, jp. 
cluding the countercurrents below major ocean currents (discovered 
in 1958), affect the movement of ships. 
rediction can lead to better routing of ships, eye 
merchant ships. 

There are problems in flight at high temperature and high altitude 
These are under investigation in various facilities, shock tubes, loy 
density wind tunnels, plasma jets, ion beams, and so forth. 

Incidentally, here is a picture of one of the models being tested jp 
the high velocity stream. The properties of gases at high temper. 
tures and low density and the behavior of metals at extreme tempers. 
tures and pressures apply to heat transfer and aerodynamic character. 
istics in upper atmosphere, high speed flight, including those of pe. 
entry. Some of the problems cover ablation of surfaces through melt. 
ing and erosion as well as those of stress and creep. 

This is an example of a test where material is actually worn away 
by the heat and the friction of the reentry problem. Of course this 
is a laboratory-type investigation. 

A wide variety of problems in high altitude physics is planned, 
using Skyhook balloons. Although all the experiments are conducted 
with an eye to ultimately makin 
lites, the stability and recoverability of balloon experiments will 
exceed that of satellites for some time to come. A spectacular experi- | 
ment from balloons was the photography of the sun’s disk and limb 
from a 12-inch telescope at over 80,000 feet. These pictures evade the 
effects of the atmosphere and give us new knowledge of the effects of | 
the sun on weather, communications, and soon. Experiments of this 
nature will continue with the sun and eventually planets and stars. 

As an aside, Mr. Chairman, I must confess I think that picture also | 
looks like a dish of oatmeal, but the astronomers and the radio 
agation people were very thrilled because the bright spots an 
dark spots are the hot and cool spots on the sun, and since these were 
taken above the earth’s atmosphere, they know this is what the sun 
really looks like, and this proved of great interest to them. 

These pictures give us new knowledge of effects on weather, commu- 
nications, and so forth. 

Solid state physicis continues in basic and applied research. Stud- 
ies of intermetallic compounds previous] 
dium antimonide, magnesium plumbide ( 
incidentally produced a knowledge of the semiconductive nature ot 
such compounds. Commercial application has already resulted in the 
transistor art. 

The weather is always of interest, but unlike some others we are 
trying to do something about it. Project Hugo is a rocket observation | 
system which photographs large weather areas with a sophisticated, 
instrumented, photographic head lifted aloft on a composite of inex- 
pensive rockets. The pictures taken should contribute to studies of 
our major weather phenomena. | 
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vhole Now, the area chart shows the pie-shaped piece was roughly Hat- 

teras-New York. I am sorry the picture isn’t clearer, but this is 
our = roughly a thousand miles of a weather front which was viewed in 
ater, ts entirety from the a from this rocket, and by such de- 
face, | gices we hope to be able to get a complete story on the weather rather 
sin. than little pieces from measuremetns taken at point spots. 


vered Much more could be said about the various fascinating areas of 
wave _ pasic research, but there are other things meriting attention. _ 
even Applied research constitutes a sizable effort on the major technical 


reaus, aeronautics, ships, and ordnance, as well as in some of the 
it of ONR. 
’ p= = ONR one example might be metallurgy where much work is 
ing on in high strength, heat, and radiation resistant alloys. Co- 
oor Om alloys with oxidation resistance usable up to 1,000° C. which 
pera- can be fabricated with common methods are an example. ; 
pera- In aerodynamics, in hydrodynamics, and in hydromechanics con- 
acter. siderable is in progress. For instance, work is going forward in 
of re-  supercavitating and ventilated propellers and in means for reducing 
ship-generated self-noise. Unusual hull forms are of interest because 
some of them promise to improve speed with lowered resistance and 
away reasonable horsepower. 
e this Another area is data handling. In prospect is a transitorized com- 
puter, 100 times faster than the present best and tailored more to the 
nned, men who must use it. The man-machine relationship offers pressin 
lucted problems in analysis because there is little use in producing a super 
satel. complex weapon or equipment whose handling is beyond the capa- 
s will _ bility of the men who man it. 
xperi:| In the field of analysis, area and weapons systems studies will be 
L limb | prosecuted. The Navy’s attitude on analyses is very simple. Do no 
dethe | studies for study’s sake. But if a careful analysis promises savings in 
cts of | money or manpower or time, in the long run, then it is worth while. 
f this) All four agencies mentioned play roles in materials and compo- 
ars. | nent developments. It is frequently difficult to classify such work 
realso' even though it is of supreme importance. The next generation of 
rop- ships, missiles, and other equipment will be badly handicapped or 
A the rendered impossible of accomplishment without such efforts. The 
ewere number of such items in the program are too numerous to allow too 
he sun | many specifics at this time. 
The technical and other bureaus have been mentioned in various 
ymmu- | earlier remarks. In addition it should be recalled that the bureaus 
have a great deal of work in supporting development and various 
Stud- | other projects too numerous to mention in detail. Some examples 
as in- ; might be cited. 
senid The Bureau of Aeronautics supports naval aviation including air 
ure of | missilry. To insure the future considerable must. be done in the 
inthe | fields of fuels, propulsion, aerodynamics, materials, structures, per- 
sonnel, equipment, catapults, and arresting gear. In avionics empha- 
we are sis is placed on airborne antisubmarine warfare, countermeasures, and 
vation detection, tracking, and fire-control systems. 
icated, The Bureau of Ordnance continues to improve weaponry. You 
f inex- have previously heard about various missile systems. Fire-control 
dies of | techniques need continual improvement as the speeds of warfare in- 
_ crease, Weapons mechanisms and components, solid propellants, and 
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explosive phenomena, as well as materials, continue in work. A high 
priority goes with weapons counter-countermeasures efforts. 

For the Bureau of Ships, the program continues to emphasize anti. 
submarine warfare and all its related fields. 

In the Bureau of Personne] are efforts to continue and improve per. 
sonnel management and the better matching of personnel and th 
machine complex, which is the Navy. 

The Bureau of Yards and Docks contributes to the readiness of th 
Seabee forces. 

Tn the construction area improvements are sought in the design, eon. 
struction and maintenance of shore facilities as well as efforts to ip. 
erease the capability of such structures to withstand the shock of 
enemy attack. 

Increasing problems of health and reaction in flight and in syb 
marines, as well as under radiation hazards highlight the program of 
the Bureau of Medicine and Surgery. Projects range from the use of 
isotopes and the treatment of radiation injury with bone marrow ty 
the extremes of the physical forces to be found in high-performang 
aircraft. 

The Bureau of Supplies and Accounts continues efforts to improy 
distribution, inventory management and materials handling, and ip 
the last year problems at sea are uppermost. Work continues on pro | 
grams of clothing protection. 

There are the engineering test runs, pilot runs, proof of productio 
equipment for inspection, since the procurement budget is essentially 
restricted to end-use and/or inventory. 

In conclusion, it should be emphasized that there is one coordinate , 
Navy program, even though the work assignments are dispersed in| 
the various bureaus. Perfection is never achieved in any huma 
endeavor. However, the fiscal year 1960 program has been analyzed 
and coordinated better than that of any previous year. 

Thank you, sir. 

Mr. Anruso. Thank you, Admiral Bennett. 

To prove that we have been paying very careful attention to you 
we call to your attention the fact that you skipped a page, but thatis 
quite all right. 

Admiral Bennetrr. My apologies. 

Mr. Anruso. Now, I would like to ask some questions, and I am 
sure the members of the committee will want to do likewise. 

Admiral Hayward, has the Navy received a proportionate shar 
over the past 2 or 8 years of the increase in Defense Department 
search and development funds? 

Admiral Haywarp. Well, Mr. Chairman, in answer to that ques; 
tion, I have the figures of what we have in the basic research and de 
velopment program. For the last 10 years, really, since 1951, andi 
1951, for instance, we got $441 million: in 1952 we got $498 million; 
in 1953, during Korea, we got $543 million; in 1954 it went to $4u 
million; in 1955 it went to $441 million. Now, starting in 1956, th 
basic program was still $440 million. Then we went into the Polars| 
program, which was $17 million, and we had Vanguard, which wastle | 
U.S. satellite, which was $1514 million, for a total of $474 million; 
1957 we still had Polaris, of course, $64 million, and $30 million | 
the Vanguard, and our basic program was $447 million again, fors| 


5 
= 
4 
A 


A high 
© anti. 


ve per. 
nd the 


of the 


tO 
ock of 


sub- 
ram of 
USE Of 
row to 
mane 


| 
and ip 
pro 


luction | 
ntially 


linated , 
rsed in | 
human 


alyzed 


to you, 
that is 


d I am 


> shar | 
ent re 

| 
ques 
ind de: 
and it 
villion; | 
$4il 
5G, the 
Polars 
was the | 
ion; 
lion i | 
\, | 


BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 121 


total of $542 million in 1957. In 1958 we started with a basic $458 
million, and for the first time a new phrase got in, and this is where, 
as I learned in my physics a long time ago, if you let me make the 
assumptions, I can prove anything; this was the test and evaluation 
feature of the research and development program. We had $142 mil- 
lion that could be classified as test and evaluation and Polaris had 
¢115 million, and the program came up in 1958 to $716,566,000. 

Now, the basic program was still $458 million in 1958. 

In 1959, the basic program was $521 million. In addition to test 
and evaluation, we still had Polaris, and the Polaris in 1959 was $278 
million; the total in 1959 which included the add-on after the sputnik, 
came to $986 million. However, the basic program was $521 million, 
in the research and development area, as we define it. 

In 1960 our basic program, once again exclusive of Polaris and the 
Pacific Missile Range, is $522 million, and in 1961—we are going 
eround on it now—it will be, we hope, a little hieher than that. 

As I told you or testified before this Congress, this was my refer- 
ence to level funding. I have the Department of Defense report on 
what they claim is the increase in research and development under 
their ground rules, which they total for 1958, for instance, at $3.141 
billion: in 1959, $4.8 billion; in 1960, $5.45 billion. 

Now, under their breakdown and their definitions, the great increase 
has been in separately identifiable items in support of research and 
development. You can include the actual production and delivery of 
prototypes. 

You have, also included in those totals, the cost of military person- 
nel. I don’t know how they broke out the military personnel costs. 
They are roughly $188,000, but as you look at the basic conduct of 
research and development, across those 58-59-60 years in their report 
here, it runs 2.41 billion, 2.6 billion, 2.8 billion, and roughly it is a 
little more than the actual inflationary trend has gone in those years, 
and when you say have we gotten the additional money put in research 
and development in the Department of Defense, according to our 
definition, the research and development basic program has been 
funded level. 

Now, of course I realize that in the Navy Admiral Burke has to 
make the hard decision as to how much of the Navy budget is allo- 
cated to research and development. 

Mr. Anruso. Well, Admiral, will you please identify for the record 
any serious inadequacies in current or long-term funding ? 

Admiral Haywarp. Well, I would go back to my testimony before 
the House Appropriations where I listed, and I can furnish for the 
record, what we asked for and what we got. 

Mr. Anruso. And you regard everything you asked for as being 
absolutely necessary ? 

Admiral Haywarp. Yes, sir; there was $146.4 million. 

Mr. Anrvso. And would you then submit that for the record? 

Admiral Haywarp. Yes, sir, I will submit that for the record. 

Mr. Anrvuso. At this point it will be inserted into the record. 

, ‘ tiene information requested was submitted, but is classi- 

Mr, Anruso. Admiral, are you satisfied with the aims and content 
of present Navy research and development programs? 


= 


122 BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 


Admiral Haywarp. The emphasis and content? Well, as a 
gram sponsor, I would probably be fired if I were happy. I am ng 
happy, no. I think we should do more in the Navy, and I expect t 


argue strongly with Admiral Burke to do more. I feel that we shoulg . 


have roughly about 10 precent of our total budget in research ang 
development. 

Mr. Anruso. Do you see any serious gaps? 

Admiral Haywarp. Well, yes, sir. I feel in some of the systems 
that we haven’t had sufficient support in various areas. I could sq 
that in such functional packages as electronics, but 1 would emphasig 
it by saying the biggest thing that worries me on the program igs we 
haven’t had enough money in the basic and supporting research aregs, 
The reason I say that is the component development has suffered be. 
cause of the systems and overall monetary value that we have on the 
program, that we could have used an awful lot more money in what 
I call the seed corn, which is the part II of the budget, the source of 
items that Admiral Bennett was speaking about, but also items of 
hardware that are components of a system. 

It has been difficult in recent years, as you know. Everyone has 
gotten carried away with the weapons systems business, and we have 
attempted to put systems together before we have done our home. 


work on the components. We try to invent on schedule, and we neyer | 


make the schedule, whereas if we put our money in the components 
then when we are ready to put a system together, we know what the 
state of the art is in the components, ‘and I feel we could put our sys- 
tems together more rapidly and get them into operation sooner, 
Now, arbitrarily, we have divided or attempted to divide our budget 
into 60 percent into that area and only 40 percent into the systems, 
because we feel that in the Navy, that in the years to come if we dont 
do those sorts of things that Admiral Bennett was pointing out, that 
our future systems will fall behind technically, and now research and 
supporting and applied and exploratory development has cost more 
and more each year. 

When you look at the capital investments required to run a physie 


department ce f for instance, as compared to what it was 15 year 


ago, it is tremendous. Any university will tell you, or anybody in the 
research business will tell you how the costs have gone up, and thisis 
the area, I think, that we should concentrate on. And my actual pro 
posal was, if it was the decision to cut the funds down, I would have 
cut the funds in the systems, rather than in the basic and supporting 
and applied research and exploratory development. 

Mr. Anruso. Well, now, in order that we may have it correctly 
in the record, your testimony is that the only increases which you have 
received for basic research are those increases made necessary by in- 
flationary or increased prices of the things that you were doing. Is 
that correct ? 

Admiral Haywarp. Well, I would let Admiral Bennett answer all 


of that. We got additional money, $15 million, for basic research | 


in 1959, and we got additional money for basic research this year. 
Mr. Anrvuso. We want to get that point clear, because this 1s very 


important, and I think we are going to make a recommendation on this | 


in our report. Go ahead, sir. 
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Admiral Bennett. Well, Mr. Chairman, as Admiral Hayward has 
‘ust said, last year, postsputnik, we did get some additional money 
J augment the basic research program, and in the fiscal 1959 and 
1960 years we could anticipate there would also be some small increase, 
although the last few sums in 1959 have not finally been determined. 

Mr. Anruso. Let me interrupt re right there, Admiral Bennett. 
The increase which you received, however, was not enough. Is that 

t! 

Bennett. That is correct. 
Mr. Anruso. Would you say that it barely covered the increase in 
rices and increase of materials and increase of labor, and all of those 

things that go into the project ? 

Admiral Bennerr. There would be very little left over after cover- 
ing those costs. p 

Mr. Anruso. That is what I understood Admiral Hayward to say, 
and you are saying the same thing. , ; 

Admiral Bennerr. Now, from where I sit, naturally, like Admiral 
Hayward, my program is research, and I would like to see more 
money in it, but I would like to emphasize his point, since we are es- 
gntially doing approximately the same amount of research, never 
mind whether it 1s up or down a little bit, with the expansion, the 

owth in science and technology, we are in danger of being trapped 

a few years from now and having to even stop a weapons system 

development because not even the basic work has been done. It is 

just that the times are such that you just have to do more research 
tobe able to do the development. 

Now, I am not all-wise. I can’t weigh all of Admiral Burke’s 
factors or the President’s either. All I can say is from my best judg- 
ment we ought to put more money in research. 

Mr. Anruso. Admiral Hayward, do you agree with Dr. York’s 


_ testimony before the full committee that at least another year should 


pass before any major changes are made in Defense Department R. 


and D, administration ? 


Admiral Haywarp. Yes, sir, I do. We have had changes in the 
last 2 years—as you know, it is not organizations which make things 
go, people make them go, and I feel that you ought to wait at least 
a year. 

Mr. Anrvuso. Of course, he was referring specifically to ARPA, 
wasn’t he ? 

Admiral Haywarp. Yes, sir; ARPA serves a good point. We have 
to have somebody in the Department of Defense where the space 
projects are brought together. It is our interphase, as I call it, with 
the space agency, and I feel that we have gone through so much in 
the organization and everything since sputnik that it would be in the 
interest of efficiency in getting along with the program to leave it 
alone for at least another year. 

Mr. Anruso. Is this statement which I am going to make warranted 
by your testimony and that of Admiral Bennett : that the Navy is not 
doing enough R. and D. work on components for the purpose of ad- 
vaneing the state of the art, as distinguished from weapons or from 
weapons systems ? 

Admiral Haywarp. I would say yes, sir, that is a true statement. 
Mr. Anrvuso. In other words, if you continue to develop components. 


1 Not } 
Ould 
tems 3 
asize - 
IS We 
Teas, 
be. 

ce of f 
18 of 4 
hag | 
have ¥ 
ever 
ents, 
oner, : 
get | : 
ems, | 
jont | 
that 
and | 
more iy 
ysics 
years 
nthe | 
his 1s | ‘ 
pro 
have | 
have 
y in- 
very , 
7 


124 BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 


you are developing the art, and in time maybe by the developmen 
which you are making, weapons themselves would shape out diffe. 
ently. Is that correct ? 

Admiral Yes, sir. 

Admiral Haywarp. Yes. 

Mr. AnFuso. Well, I can’t agree with you more. Now, the Aj 
Force, on the other hand, believes in the weapons system and in basing 
everything on the weapons system. Am I correct! 

Admiral Haywarp. Well, I wouldn’t just say the Air Force.  Fop, 
time in the last 4 or 5 years it was very difficult, really, if you look y 
the record, to get money except for weapons systems. This 
back to Mr. Wilson’s era, and you had to go in and present a weapon 
system. All you have to do is to take a look at the history of sop 
of them and you can see that we didn’t do our homework on them; 
Mr. AnFruso. That was true of all departments ? 

Admiral Haywarp. Yes, sir. 

Mr. Anruso. Now, is the Navy getting away from that concept, @ 
trying to? 

Admiral Haywarp. Admiral Bennett and I are doing our best t, 
and I think Admiral Burke agrees. 
Mr. Mrrcwetyi. Would the chairman yield? 

Mr. Anruso. I certainly do. 

Mr. Mitrcuetit. Admiral, let me dosome homework. I don’t exactly 
understand the two concepts of, first, the weapons systems concep, 
and the component concept. It would seem to me—and I want yu 
to clarify this in my mind—that in perfecting a component ther 
should be of necessity a big idea; that is, you are going to have som | 
purpose for that component. 

Admiral Haywarp. Well, let me give you a real good example which 
is in the ballistic missile field. All of the ballistic missile guidaneeis 
based on the * * *. The backbone and the fundamental thing that 
makes that * * * guidance possible is the stable platform that you | 
have. A ballistic missile’s accuracy depends on this. If it were not 
possible, and at the time when the Atlas, for instance, the first Atlas 
hasa * * * in it because you had to add the additional correction to 
it because it wasn’t accurate enough under the art of stable platforms | 
at that particular time. 

If you had done the bearing work and the gyro work that was nee: | 
essary to get the accuracy back in 1945, 1946, and 1947, you would | 
have had that platform. That is what I mean by component work. 
Now, I will give you another example of it. | 

In the polymer work that Admiral Bennett spoke about in solid 
propellants, if we had done a lot more work on just the straight metal 
parts and cutting down on the weight of the parts for solid rockets 
whether it was for the 5-inch rocket or a 50-inch rocket, which is com 
ponent metal parts work, it is not directed to any system, but any 
weight that I can save in the metal parts will add to my range, my 
capability of any of my solid propellant missiles today, such as Po 
laris or Minuteman. This is component work. 

I will give you another example. We have a long-range ** | 
system, * * * it was one system put ona * * *. We are not goingto | 
call this out for every ship, we don’t know what the system will be | 
but we know by taking this large * * *. This is a compenent, it isn0 | 
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a system. A system is the overall support weapons, personnel, train- 
‘ng. Polaris is a system. 

dmiral Bennett. May I speak to this point for a moment? I 
think the extreme, if I understand your question, would be Jules 
Verne had a great idea, let’s have a rocket and go to the moon. But 
his timing was wrong, because the components had not been devel- 
oped. This is just as good an idea today, in principle, in breadth, as 
it was when he stated it, but we couldn’t execute it. 

Mr. Mrrenety. I am not disputing your contention, but I just 
wanted a little information. 

Admiral Bennett. I understand, sir. 

Mr. Mrrcuety. Has there been, as a result of your component work, 
any interchange of the results, the fruit of your work among the dif- 
ferent agencies 

Admiral Haywarp. Oh, yes, sir, I can give you real good examples 
on that. You take all of your * * * systems in the ballistic missiles 
today. You have roughly about four firms. Take Keerfoot, Min- 
neapolis-Honeywell, MIT; we have all benefited from the work done 
by the other services. The Polaris benefited very much from the Thor 

idance system. Their Minuteman guidance would benefit tremen- 
a from the steps we have made in the Polaris guidance system. 
There has been great interchange. We attempt to follow and they 
follow very much this sort of work. 

Admiral Bennett. Could I add one to that, a different sort of ex- 
ample. Right after the war ended the Office of Naval Research had 
acomputer started at MIT which was known as Whirlwind. Whirl- 
wind was the basis for the creation of the SAGE system of air de- 
fense computers. In other words, the Air Force and its laboratories 
simply took advantage of the computer development, and this became 
the basis of the SAGE system computations. 

Mr. Mitcuetyi. Well, the point of my previous question—and I 
wanted to get some examples from each of you—was this; that not 
only should the Navy emphasize the component concept, but because 
of this interchange and the resulting benefit to all agencies it should 
be adopted by all agencies which are given funds for research and 
development ? 

Admiral Harwarp. The United States should do it, not just the 
Navy. It should be emphasized across the board in the research and 
development programs. 

Admiral Bennett. I think in all fairness, sir, it should be pointed 
out that the other services are also engaging in this work. For ex- 
ample, the Air Force has the Office of Scientific Research which is 
patterned very much after our mode of doing business, so I believe you 
will find in some varying degree that basically the underlying belief 
of all of the services is essentially the same. Would you agree, 
Admiral Hayward ? 

Admiral Haywarp. That is correct, and in the component field a lot 
of time it is very worthwhile to take a parallel approach, rather 
than—this is where we call it a parallel line of investigation. People 
who don’t know want to refer to it as duplication, but our experience 
has been that there are times when you have to take parallel lines of 
approach if you want to solve the problem, get the best solution. Of 
course, the best example is the Manhattan District. 
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Mr. Mrrcuetu. In the shortest period of time? 
Admiral Haywarp. That is correct. Now, under the present 
ground rules it would have been impossible to come up with a produ. 

tion system for the Manhattan District, because we would have 
told that we had to pick a system. We either had to pick the * ** 


Well, we built all three plants. : sy 
Mr. Anruso. Then the Air Force now is following the component wh 
system as well as youare. Yousaid that youhavetakenthelead? | | 


Admiral Haywarp. Yes, sir, General Wilson and General Ty. _ if: 
deau—as a matter of fact, General Wilson said the systems busines is 
makes congenital liars out of all of us, trying to invent on schedule;hy in 
agrees with this. ; all 

Mr. Anrvso. I am going to delay further questioning to allow othe a) 
members of the committee to be enlightened further on this subject, on 
Mr. King. 

Mr. Krye. Admiral] Hayward, I had a question or two. This gets su 
back to the basic question that I am sure has confronted you thousands _ ot! 
of times. That isthe question which relates to the very place, the role, | 
the function our three branches of the armed services are going tp I: 
perform. In other words, what is the position of the Navy, the Air al 
Force, and the Army? For example, you talk about Bullpup, which of 
is very impressive. As I understand it, Bullpup is a small, simplified | 
* * * missile which is launched from an approaching aircraft. th 

It is * * * on the target, and I suppose with reasonable accuracy it 
can be expected to sink a ship. Immediately a question comes to m 
mind, and it is inescapable: Suppose the Russians are armed with 
many Bullpups, thousands of them. Isn’t it almost inescapable that | 
they conld sink our whole fleet in a matter of hours, provided only they 
locate the fleet, which it is maybe improbable. But, isn’t sinking our 
whole fleet in just a matter of a few hours possible if they have enough | ™ 
Bullpups? Musn’t that come into our thinking very substantially | 
when we are planning our overall strategy? All of that, of course, is 
related to the basic problem of what is the basic role of our Navy and | Il 
Army and Air Force. Would you like to discuss that ? a 

m 


Sans £3 


Admiral Haywarp. Yes, sir. I will have to take my R. & D. hat 
off and put my war hat on. First, you will have to define “strategy.” 
The strategy of a country is the use by that country of economic, po- 
litical, psychological, and military forces in peace as well asin warto | “ 
attain a country’s objectives, and like most people we tend to over- | , 
simplify everything in the United States; it is black or white, itis ¥ 
either-or. 

Now, the challenge with which the Russians face you and myself } ¥ 
and everyone else in the country is a very broad challenge. It is not 
just the all-out war, it is not just cold war. It has a spectrum,asI 9 
always say, like light. Now, in looking at the roles of the services, let | * 
us say, in the all-out war, let’s start with the all-out war, because that | t 
is where most Americans think, about the all-out war. . 

Tf the Russian in that particular field felt that he could destroyw * 
without being destroyed, I feel that he would destroy us. In this | 
particular case, your Navy at sea might be the only thing left. Hov- 
ever, any system, and it is what the Russian planner thinks, not what t 
you or I think, he has to be able to convince himself that he can do 
this. So this means that in the all-out war phase you have to have 
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‘bility in your systems. That means you will never be able to 
ay eae with just one system, such as SAC. This is gone. 
Technical progress is going to make it such that systems that are 
vulnerable to surprise attacks will fade in the years to come. That 
means in the all-out war you have to have several systems, and these 

stems have to be No. 1, effective, and they must have something 
which nobody talks about much. 

It has to be inevitable. It must be inevitable to the Russian that 


it he doesn’t destroy that system, that system will destroy him. This 


- must remember in this particu 
| alliance. That alliance is held together by the surface of the sea. 


ig why we in the Navy, of course, believe in mobility. This is why 
in the era of the ballistic missile, that he has got to stick to the manned 
airplane if he sticks to the Bullpup. The ballistic missile system is 
a poor system against the moving target, but we would be the last 
ones to say Polaris is the only system you have, but in that all-out 
war phase you have to have several systems, and you have to make 
sure that those systems are such that if one of them is destroyed, the 
other one or two can destroy the enemy. ae 
Mr. Kine. You are arguing, of course, for flexibility, and with that 
Iagree. But, conceding that the advantage of the fleet is mobility 
and that we, of course, concede, I am still disturbed by the potential 
of this Bullpup. 
Admiral Haywarp. Well, of course, I am more disturbed by other 
things. The Bullpup is a relatively short range weapon. It is a 
und support weapon, but anybody at sea—the decision on the sea 
as on the land still rests with the decision in the air. You have to 
control the air. There is no question about it. The manned airplane 
isn’t dead. You have to shoot down the guy that comes, just like we 
had to fight before. : ' 
People are going to get hurt, there is no question about this, but you 
jar challenge we are a member of a free 


A lot of people would like to put us underneath the sea, or they would 
like to just keep us in the air, but the real truth of the matter is you 
have to control the surface of the sea, and the only way you are going 
to control it is with ships, offensive power, aircraft, submarines, to 
make sure you can use the sea and your friends can use it. 

Can you imagine what position we would be in today if we didn’t 
control the surface of the sea ? 

Mr. Kina. May I pursue this just a little further, Admiral? This 
is for my own education and enlightenment. 

Admiral Haywarp. Yes. I have only gotten to one part of that 


) spectrum. I want to goto the rest of it, too. 


Mr. Krxe. I want you to round out your thought, but let me bear 
m this one point. Ships are big and lumbering compared with the 


_ aircraft, of course. Our argument has always been that the compara- 
_ tive bigness and lumberingness of the ship are offset by the fact that 


we can have an adequate protective covering of our own protective 
aircraft; and so, as long as we can ward oft enemy planes, we can 
protect our own ships. ‘That is all very fine. 

Now, when you introduce this Bullpup, which is typical of many 
types of weapons comparable to it, into the problem of ship defense 


oesn’'t have to actually come over our big, lumbering ship. Now, 


| ou are injecting a new factor. With this missile, an enemy aircraft 
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they can stay at a safe distance, presumably, perhaps beyond the dig tl 
tance where our own covering or supporting aircraft can be effectiy, . 
They are spread out. Then you have got another factor to conten| * 
with. The question in my mind is: Are we still in a position toag ” 
quately protect our own lumbering ships by our own protective coy) 

Admiral Haywarp. If you looked at the other systems, if yj ? 
looked at the Talos, which is a ground-to-air missile, the air defen, 
problem has really enlarged, and we have pretty good defensive gy. y 
tems. You have this airplane, you have the * * * and you hay 
the * * * missile. The * * * for instance, are ground-to-air mis 
siles that have a * * * range at * * * so our aircraft are way ah 
and the in-close defense of the fleet and the ships that you want t,_ : 
defend, they are no longer in a big circle or anything else, as you sy i 
in all of the pictures, are done by your ground-to-air missiles, (yt. 
side of that area of 200 miles, further than 200 miles, the next 15 7, 
miles you have your early-warning and your * * * missile, which has ' 
a range of * * * miles, which means you have to have a pretty goo 
accurate missile at least * * * miles. ‘ 

Now, your air defense has been extended tremendously. The Bull. r 
pup, for instance, has a * * * range. It couldn’t come anywhen| ¢ 
near a modern ground-to-air missile. 

Mr. Kine. Suppose they were to perfect the Bullpup and exten| P 
its range * * * and steer it by a mechanism not now perfected? 

Admiral Haywarp. Well, the * * * is an effective ground-to-air| ;; 
missile against a missile. The Russians have a 70-mile Comet mis} 
sile, which this is designed to shoot—not only the airplane, but the 
missile itself. 

Now, the air defense problem is still with us. You will always) 
need the manned airplane, but now the real high performance inter tl 
ceptor aircraft has been taken over by the ground-to-air missile, Ou! 
F-4H McDonnell, which is our fighter in this period of time, is well 
over mach 2. It has what we call a cycle time of at least 2 hours, and) ¢ 
it carries the Sidewinder, and our other very effective air-to-air mis-| 
siles, the Sparrow; and as you probably recently have seen, the Side-  }, 
winder has been proven pretty well in combat. If we had the rest of ,, 
our missiles as reliable as this, I would be much happier, but we feel 
that the air defense has still got to be taken care of if you are going to| 
use the surface of the sea. 

If you don’t have any air defense, you are going to lose the surface | ,, 
of the sea. Now, when you talk about mobility of a fast-moving air- f 
plane and everything, versus the ship, the fact remains that youhave ~ 
to take things across the sea and you have to help your friends. If 
you are not in a position to do this, you are going to lose them. You ,, 
are going to wind up in my favorite place, which I don’t like, which , 
IT call Fortress America, and you are going to lose the challenge. ‘ 

Now, to get on to the rest of the war business—you have situations ,, 
in mesa, like Korea. The only way you are going to be able to projet 
your power across the sea is by ships, and the only way you are going}, 
to be able to control the air over the sea is by the aircraft carrier. It 
is very difficult for me to understand why people always argue about}, 
the size of the aircraft carrier, the lumbering size. It never occurs 
to them that they won’t put the 707 down in Washington National , } 
Airport—will they—but if you try to put a mach 2 fighter down om 
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| the Hssew class you have things happen like last week, where you 


jot millions of dollars and people are killed because the modern jet 
airplane has overtaken the size of the ship. We need a 750-foot land- 
ing area on our carriers to take a modern airplane, and if you are 
not going to give the American aviator the modern airplanes, the op- 
ition always gives them to their friends. You didn’t see Mig-15’s 
with the Chinese Communists; they had 19’s. If you are to compete, 
ou better have better airplanes. ' 

If you say we will put land-based airplanes over there, you still 
have to control the sea, because they need fuel, they need beans and 
bullets; and if you can’t get them there you are going to lose. This 
ig why I say the Navy can’t win the challenge by itself; but I say 
if the Navy doesn’t do its job, you will lose the challenge. 

Now, we are great believers in a strong Air Force and a modern 
and hard-hitting Army, but I believe the idea that the missiles, the 
ICBM’s, and that sort of thing have done away with the function and 
role that we have to play in the future is wrong. 

To go on, you have things such as went on in Lebanon. You have 
things such as go on—remember the Berlin airlift? When we did 
the Berlin airlift we had to put a total of 15 extra tankers carrying 


' fuel. If they had denied us the use of the sea there would have been 


no Berlin airlift; so we have to control the sea and we cannot af- 


- ford to go just under or to go to Polaris. We have to have the ability 


to control it, and that means below it and on top of it, and the de- 


I! cision on the surface still rests with the decision in the air. It will 


for our lifetime, for a long time, because flexibility, once again, a 
man can see—he has got the best. computer—we have never been able 
to duplicate his brain and he can see the hammer and sickle, or he can 
see whether it is the Pan American guy off course, and when you press 
the button on a missile it can’t come back. 

Mr. Kine. That is all I have. 

Mr. Anruso. Admiral Hayward, in previous testimony before the 
full committee, you stated that to the best of your knowledge Sput- 
nik III carried no solar batteries. Now, on May 11, Professor Ben- 
ham of Haverford College made a recording which he said he had 
received from Sputnik III the previous day. What is the explana- 
tion for that ? 

Admiral Haywarp. I didn’t hear the last part. 

Mr. Anruso. On May 11, Professor Benham of Haverford College 

layed a recording of signals which he said he had received from 
Sputnik III the previous day. How do you explain that? 

Admiral Haywarp. Admiral Bennett will. 

Admiral Bennerr. I think Admiral Hayward was correct, from 
our best information, when he spoke to the full committee. It is 
true there have been signals which my people describe as spasmodic 
sgnals from Sputnik TI. The Russians just the other day an- 
nounced that they had some solar cells on Sputnik IIT. This, I think, 
darifies the matter. In other words, they were attempting to emu- 
late our Vanguard I in some part of Sputnik ITT. 
ee Then are we ready to accept that they did have solar 

T1es ¢ 

Admiral Haywarp. Well, now, from the evidence I would say, yes, 

but when I spoke at the time the evidence was not conclusive at all. 
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Mr. Anrvso. I understand. Are you satisfied, Admiral Hayy, 
that the right technical approaches have been adopted in the Nay; 
R. & D. programs in all cases? 

Admiral “Hlaywanp. Generally, yes, sir. I am not unhappy wit, 
the technical approaches, 

Mr. Anruso. Well, are there any changes you think are necessary; 
for example, as to the construction of the nosecone, to make it mon 
heat-resisting ? 

Admiral Haywarp. Well, the present one that we have, of cours 
isthe * * * one, and I think it was a very good technical developmen 
because it married the warhead—the way we used to make atomi 
warheads, it was delivered by the AEC with a case and everything 
on it, and then you put the other shield on it. This way we got to 
gether with the AEC and actually designed the beryllium heat actu] 
nosecone integrally with the head. 

I don’t know of any nosecone problems that I would have change 
the technical approach to in the Navy. 

Mr. Anruso. You are generally satisfied ? 

Admiral Haywarp. Yes. 

Mr. Anruso. Will you please brief this committee on the pu 
and level of funding and progress of your project * * * which ]| 
gather isthe * * *, | 

Admiral Haywarp. Yes, sir; we are going to do that when Admin] 
Masterson presents all of the missiles. We thought we would y 
through that completely, Mr. Chairman. 

Mr. Anruso. Fine. Now, should questions concerning Polaris k 
addressed to you in the future or to the Bureau of Ordnance? 

Admiral Haywarp. Well, you can ask—I have Admiral Masterson 
who under the organization is the Director of Guided Missiles, and 
we are in a position to answer the Polaris questions, I believe. If it! 
has to do with detailed funding and money, I can always furnish the| 
answers for the record. 

Mr. Anruso. I believe you have given us the accurate development! 
cost for Polaris through fiscal 1960. You have given that before for 
the record. 

Mr. Haywarp. Yes, sir. 

Mr. Anruso. Have you separated for the record the cost of the 
missile itself, the guidance and control systems, and the Polaris sub 
marines ? 

Admiral Haywarp. Well, we will furnish for the record the cost 
of the missile, the cost of the submarine. 

Mr. Anruso. And the guidance system. 

Admiral Haywarp. All right, sir. 

Mr. Anruso. Give us the separate cost on that. 

Admiral Haywarp. Yes, sir. 

(Norr.—The information was submitted to the committee and is 
classified. ) 

Mr. Anrvuso. Can you foresee any promising method of antimissile 
defense other than interception with another missile? We are talk- 
ing now about the Nike-Zeus. 

Admiral Haywarp. By other than a missile? 

Mr. Anruso. Yes. 
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Admiral Haywarp. Like a death ray, or something of that kind? 

Mr. Anruso. Yes; I believeso. At Pittsburgh you mentioned some- 
thing of that kind, and we wanted to explore that. 

Admiral Haywarp. That was in the detection field and it wasn’t in 
the destruction. We are looking at the problem because it is a ve 
jmportant problem to the Navy, and the antisubmarine warfare busi- 
ness is such that we have to be in a position to be able to destroy a 
missile if the submarine launches one. We feel this is an easier 
problem; it is on the way up; it is relatively easier than when you are 
waiting for it to come down on top of you. I can’t see—I feel that in 
the detection field we have made progress. I hope to be able to answer 
in much more detail later this year. We are really studying this 

roblem, Mr. Chairman, and I would hate to prejudge the study. I 

on’t know of anything technically right now. I think we have a 
better approach to it than we have had in the past, but we are putting 
considerable effort on it to see if we can’t do something on shooting 
down missiles coming from submarines, and it is strictly in the study 
phase now. 

We are familiar with -the Nike-Zeus approach. Naturally at sea 
we can’t afford large football field antennas, or anything of that kind, 
but it is strictly in study and I wouldn’t be able to say we can do 
anything at the time. 

Mr. Anruso. I am going to yield to Mr. Fulton at this point. 

Mr. Futron. We are glad to have you here, Admiral. 

As one of your physicists third class, I would like to talk about my 
theory of applying energy to missiles in flight. If you can push 
them, tilt them, or tumble them incoming, with energy, then the slight- 
est amount of energy you can get on a missile in outer space will, of 
course, take it off its course and off its target. 

Admiral Haywarp. This is true, Mr. Fulton, we have no argument 
on that. The problem is to get the energy to the missile, and all you 
are doing with another missile is getting energy up there. If you 
could transmit energy over that range, this would work, but it is 
how—— 

Mr. Futron. You see, nobody has tried these various systems of 
getting energy up there. 

Admiral Haywarp. They have done a lot of energy transmission 
from short range to see what you could do in the atmosphere. 

Mr. Furron. If you had smaller, more compact missiles that were 
fast enough to overtake an incoming missile and simply by contact- 
ing it or coming within a short range of it, could direct energy that 
would slightly deflect the enemy rocket so that its ares or a ballistic 
trajectory would be altered to achieve quite a variation in degrees by 
the time it hit the target. It would need only a very minor deflection, 
really, to miss a city. 

Admiral Haywarp. This is why, when you look at the problem it 
is best to get it at its height, its maximum ordinate, it is practically 
zero, and this is why your energy transmission can be any H.E., if 
you get any—however, you must remember that your blast and shock 
waves don’t act up there like they do in the atmosphere, and so neu- 
trons or X-ray heating is just as good. 

Mr. Futron. My point is this; why try to blast or destroy incoming 
enemy missiles? Why not just try to energize them? The optimum 
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method would be to boost them to a higher velocity, perhaps sufficien; | 


to escape the earth’s gravity and to go out into space. 

Admiral Bennett. This is a very interesting concept, Mr. Fulto 
and it is not one that hasn’t been studied with considerable interest. 
Just to mention one of the problems in this sort of thing, if you wan; 
to go along your line of, should I say slightly fantastic thinking, by 
tomorrow’s commonplace is today’s fantasy, a death ray would not 
be infeasible if we could solve just one problem. How do you get the 


energy from, say, a large antenna into the air without loosing jt by | 


ionization of the air next to the antenna? 
Now, you can generate the energy. 
_Mr. Funron. My point is this: I am speaking of possible antimis. 
siles that have no warhead in them or no detonating power at all, 
They aren’t sent out to destroy. When you are in the upper atmos. 


phere or the ionosphere, actually you can’t do anything except trang. 


fer energy, if you do anything at all, because things keep on moving 
anyhow. You are not trying to stop the missile. For example, if 
we could detect an enemy missile coming at 10,000 to 14,000 miles an 
hour, and we were able to change its course a fraction of a degree or 


change its velocity a couple of miles an hour, it would certainly | 


change its trajectory and cause a variation in its CEP. 
Now my feeling is this: If you would go for smaller antimissiles— 


and here is where the Navy comes in—I think they should be then on | 


stationary platforms as close as possible to the source of the enemy 
launch area. 

For example, these would be overtaking missiles. In order for 
our radars to be able to detect early the enemy’s missiles, they would 
have to be in an advanced area. Then the associated computers auto- 
matically could send up a chasing or scouting missile that does not 
detonate the charge in the enemy’s missile, nor does it try to destroy it 
or knock it down. If you knock it down or set off a tremendous 
charge to destroy it, then you are first blocking the foreign policy of 
anybody being allowed to do anything they want in outer space, and, 
secondly, you are running counter to people who do not want many 
nuclear explosions in outer space. 

Admiral Bennett. That is a possibility, Mr. Fulton. But there is 


an element in here that you have to think about too, that would be | 


perhaps not welcome to the people in Philadelphia, for example that 


a missile was deviated enough to miss New York but would hit | 


Philadelphia. 
Mr. Fuuron. Iam from Pittsburgh, so that is all right. [Laughter] 
Once you can negate their guidance capability, then, regardless of 

where the enemy missile might go, it might hit another city, but the 

great laws of probability are that it will be useless. 

Mr. Anruso. Could we possibly have, to satisfy my colleagues and 
some of us, a statement for the record after you have studied the 
project a little further? 

Admiral Bennett. I would be glad to, sir. 

(The information requested is as follows :) 


on 
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ANTIMISSILES 


The Office of Naval Research has been actively studying the antimissile prob- 
jem for the past few years. The best place to detect and destroy an enemy 
missile is as near as possible to the launch site for obvious reasons. It appears 
that deflection of enemy missiles is not likely to be technically feasible in the 
foreseeable future. Destruction by various means offers much more promise. 

Mr. Anruso. Now, in. previous testimony, Admiral Hayward, be- 
fore the full commitiee, you stated that a number of important re- 
search and development projects are waiting to be done in the field 
of solid-state physics. Would you please amplify that? — 

Admiral Haywarp. Well, in that I said we had projects that we 
were unable to fund. 

Ihave a chart. I showed this graph. I would let Admiral Ben- 
nett—I don’t know what the number is. But in areas of basic re- 
search I covered the sciences. One was solid-state physics. I said 
we had proposals that we were not able to fund. I don’t know the 
actual number, but we will furnish that for the record. te 

Mr. Anruso. If you don’t have it now, Admiral, furnish it for the 
record, because now we are getting into specifics, and we want to have 
a complete record. So if you will furnish that, it will be inserted at 
this point in the record. 

Admiral Haywarp. Yes. 

(The information requested is as follows :) 


Areas of basic research that are not adequately funded in the fiscal year 1960 
budget appropriation “Research, development, test, and evaluation, Navy” 


[In thousands of dollars] 


Scientific field Amount 
Astronomy and astrophysics_ $1, 596 
Biology and biological sciences T75 
Chemistry 30 
Earth physics - 50 
‘Blectronics 7800 
Geography—Arctic research nes! 250 
Mechanics_ 925 
Medical sciences 475 
Material sciences 1975 
325 
50 
Oceanography 1, 075 
Physics 43,185 
Astronautics and aeronautical engineering__________ 496 
Electrical and electronics 670 
Human engineering and ergonomics___...._..___.--_-.._._______.__. 45 


1Includes unfunded areas in solid-state physics, such as: Investigations in physical 
electronics, alloying behavior of metals, and high temperature properties of solids. Addi- 
tional funds invested now for basic research in solid-state physics would shorten the delivery 
, ~ nig the end product, and greatly decrease the development costs of equipments 
or fleet use. 


‘Included in the unfunded requests of $150,800,000 listed on p. 35. 

Mr. Anruso. In your opinion, Admiral, are there any research and 
development projects for which the Navy does not have funds but 
that should be carried out as matters of high priority? Can you think 
ofanything at the moment? If not, you can alsosupply that. 
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Admiral Hayrwarp. No, sir. There is some basic work I think we 
should do. 

Mr. Anruso. Would you supply that for the record ? 

Admiral Haywarp. We will supply that for the record. 


Mr. Anruso. Fine. fo 
(Nore.—The information was supplied to the committee and jg 
classified. ) fe 


Mr. Anrvuso. Now, there was an article in one of the newspapers 
which concerned something along the lines that my distinguished — 
colleague, Mr. King, was discussing as to what could be done by the 
enemy. I don’t mind mentioning that the article was by Drew Pear. 
aon, who said the U.S.S.R. has a greater submarine strength than we 

0. 

Can you compare our submarine strength ? 

Admiral Haywarp. Yes, sir. I have Admiral Yeager with me who 
is going to give you the antisubmarine warfare picture for the Navy, | 
He will cover this in detail. wi 

Mr. Anruso. Fine. fe 

In the Washington Daily News of June 8, it was said that the to 
United States has already spent $30 billion to guard against a fleet 
of Soviet intercontinental bombers that had never actually been 
built, and we are going to spend another $20 billion in that direction, | be 

Has our intelligence been faulty in that direction ? ow 

Admiral Haywarp. The article—— to 

Mr. Anruso. We must have been convinced that they had such a 
fleet in order to carry out this huge expenditure of money. Just what 
happened? What is our intelligence on that? What is the Navy | “ 
intelligence on that? rl 

Admiral Haywarp. Well, my aoeianoner before Mr. Mahon’s com- | W 
mittee got lots of publicity, as you probably saw, and it was generally | Vl 
that I didn’t believe in Fortress America and I didn’t believe in either | 0 
the Bomarc or the Nike. I believed in putting more money on the | 
offensive, as I told Mr. King. I felt if they went through with that | W 
program, it would total up to $49 billion, and it would be too late for — ‘0 
the threat. Now, that is all a matter of record in the House 10 
hearings. V 

r. AnFruso. Well, it certainly is an awful lot of money—close to | 
$50 billion—to be spent on something that is never going to be used. | 4 

Admiral Haywarp. That is a lot of money; yes, sir. ; 

Mr. Anruso. Now, Admiral Hayward, I would like to ask yu %& 
something which is of specific benefit to me in Brooklyn. You have It 
heard of the New York Naval Shipyard. We have a statement her ® 
that you made during a recent telecast when you stated that not 7 ¥ 
are jet bombers here to stay but, in time, they could be equipped wit 
the latest missiles or mobile aircraft carrier fleet which will ve needed | ® 
to bring them within range of vital targets within the enemy’s home 
borders. That was a statement attributed to you, and Lagreedwith * 
that statement. . 

Can you tell me whether it is strictly legislative action that hs % 
delayed the building of more carriers ? 

Admiral Haywarp. Well, this particular year, to date, the action 
of the House, the President’s budget went forward with a carrier. 
We need an aircraft carrier deck. There have been lots of arguments | 
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as to whether it is nuclear or conventional powered, but the real truth 
of the matter is, we need the deck. 

Mr. Anruso. The carrier was left out of this bill, wasn’t it? 

Admiral Harwarp. By House action; yes. The President sent it 
forward with his original budget. 

Mr. Anruso. We are hoping that the Senate, or at least in the con- 
ference, it will get in. Your Senate bill has not come out yet, has it? 

Admiral Haywarp. No, sir; we go before the Senate this week. 

Mr. Anruso. You are going to recommend the carrier 

Admiral Haywarp. I certainly am, sir. 

Mr. Anruso. Thank you. 

Any other questions 

Mr. Fulton. 

Mr. Fuuron. Mr. King? 

Mr. Kina. No; I have none. 

Mr. Futon. When we in the United States are preparing defenses, 
we have quite a leadtime that we must count on to prepare our de- 
fenses. The leadtime for jets and things of that type is probably 3 
to 4 years, is it not 

Admiral Haywarp. Yes, sir. 

Mr. Futron. When we are preparing for what the Russians will 
be doing 8 to 4 years from now, probably it is best that we have a 


well-rounded defense and calculate what they might be moving 


toward. That isa calculated risk, is that not right? 

Admiral Haywarp. Yes, sir; to a certain extent. 

Of course, it is funny in our lifetime everybody who was going to 
conquer the world writes a book about it. Take the “Tenaka Memo- 
rial,” “Mein Kampf,” and there are two others, Lenin and Stalin 
wrote books about it. They told you how they were going to do it. 
We didn’t pay attention to any od these others, so maybe we should 


look at this one. 


If you look at the challenge, you will see it isn’t just black and 


| white. It is in peace as well as in war, as we know it. You have 


to take a calculated risk. But every time you go down one street, 


look at what they have done. The best thing we know is the 


Vanguard. 
Mr. Furton. I think you and I are thinking alike. If we assume 
a certain posture of defense, and they then go down another street 


| instead of toward our major defenses, the fact of whether you use the 


equipment is not the ratio decidendum of whether you should or not. 
It may be a victory without firing a shot. So merely to say the Rus- 
sians didn’t go in a particular strategic direction when they could see 
we were doing something, is not just our doing a useless thing but our 
erecting a rock of Gibraltar, saying, “If you try it along this line, you 
are certainly going to get your block knocked off.” 

Admiral Haywarp. Just because you don’t use it is no proof it 
isn’t any good. But then when you have to project, as the committee 
asked me, looking forward, where do you see the challenge and where 
are you going? I feel it is better to put our money on the offensive 
side than just pure defense on the continental United States. You 
will never have pure defense. People are going to be hurt. That is 
why I feel if you do it by money within that level that you should 


| teally face the challenge on the offensive side and on the technical, 
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economic, political, and let’s act for once and not always react. Let | 
make them react. 
Mr. Anruso. Would the gentleman yield to me for a minute? 

Mr. Fuuron. Yes. 

Mr. Anruso. My questioning was not intended to criticize anyo 
the administration or anyone else. It was to compliment you fo 
having that foresight and to plan for the report which this committy 
is going to make. I think that we want to make some definite recoy. 


sive angle that you speak of may be one of the things we want ty 
stress in our recommendations. 

Mr. Furron. When we set up what we think of as a balanced dp 
fense, we likewise have to get our allies throughout the free world ty 
join so that ours is largely a question of negotiation for the defens 


fense of the continental United States. 

Admiral Haywarp. That is correct. 

Mr. Fuuron. But it is the defense of the sea waves, the airwave, 
and the land ways of the world, that concerns us, comprising probably 
80 to 90 percent of the total surface when we look at it. Under tho» 
circumstances, we in the United States have to have short range and 
advanced defenses in order that we can help our allies in advanced 


mber fleet, or a jet air defense, they could be used either for the 
defense of the continental United States, which if never attacked, is 
then useless, or they can be used from advance bases as an offensive 
force for short range attack, so we have had that benefit through the 
development of our airpower. 

Admiral Haywarp. Yes. 

Mr. Fuuron. Would you expand on that a little bit? 

Admiral Haywarp. Well, we have of course, with the complexity 
and the expense, the numbers have come down in total number of air- 
craft, but not necessarily the effectiveness. You have made them to 
do the same job with air-to-air missiles. You have the ability by pro- 
jecting your power across the land and the sea over these other places 
to use these systems there. That is true, very, very true. The dec- 
sion rests still with the decision in the air. 

Mr. Fuuron. And furthermore, unless we, through air and se 
power, defend the more than 250 advanced United States and allied 
bases of the free world, we are going to pay a higher cost in war, 
where at the proves time we have to pay a higher cost in peace. Is 
that not right ? 

Admiral Haywarp. Yes. 

Mr. Anruso. And it is much better to pay the higher cost in peac 
than it is later to pay the higher cost in war through failure to take 
adequate means for these purposes. 

Do you not agree? 

Admiral Harwarp. I certainly agree with that. 

Mr. Fuuton. Just in concluding, can I ask a general question that 
has always interested me? 

Mr. Anruso. Surely. 

Mr. Fuuron. In the Navy and in the air, one of the chief things we 
have always had to depend on—I would say the principal instrument 


mendations on certain factors, and this may be one of them, the offey. : 


of the free world. That defense of the free world is not just the de. 


itions. Under those circumstances, when we come up with, | 


| 


| 


| 


Bae 
4 
( 
“4 
ig 
4 
val 
= 
— 


4 
= 


Qu 
§ 


BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 137 


of the Navy—is the compass. I would say the central scientific fact 
for the Navy is that the compass always points north, to the magnetic 
je. I have never been able to understand, and especially so with 
these later magnetic experiments, why the compass always points 
north. Why, when it gets beyond the equator, doesn’t it likewise point 
down to a southern magnetic pole. Why qoes it always go up to the 
ira Haywarp. Well, the North and South Pole are arbitrary 
names. It is an attraction, a magnetic field, and like poles repel and 
unlike attract, and all you are doing is lying in the plane of the mag- 
netic poles of the earth. Actually, when you get close to the Nort 
Pole, your compass doesn’t always point north because most of the 
magnetic compasses are working on a horizontal component of the 
field, and it gets down to maybe point 001, and it just rotates around, 
and the most frustrating thing you have ever had is to try to fly up 
near the North Pole. 

I went to the north magnetic pole a good many years ago on com- 
passes, and we found out the normal magnetic compass will not work 
there, so we came to something known as the flux gate, which is where 
you stabilize in the earth’s magnetic field an electrical coil excited to 
400 cycles, with three taps off of it, and the resultant output of this 
coil is proportionate to the cosine of the magnetic heading, and you 


- come out with the heading. This is the only way they can work. You 


have the gyro compass, which is used aboard ship for the same reason. 
But the magnetic field, we tend in physics always to try to make it 
very even, and you see on all of the charts the lines. Actually in fact 
this is not true. 

Mr. Futron. But why is the magnetic pole there, at the crazy spot 
where it is, and secondly, why isn’t there a corresponding pole? 

Admiral Haywarp. There is down south. It is red. it is roughly 
some 80-odd—I am trying to remember the longitude. But it is just 


| likeabarmagnet. Your magnetic field goes right around this way and 


down south we call that red polarity, and north is blue. These are 


| just arbitrary names that have arisen over the years. If you look at 


some of the IGY bulletins and the Van Allen belt, you will see that 


_ they have both poles located and what the magnetic field of the earth 


actually looks hike. But you will find discontinuities. There is one 
here at Wilmington, Del., that I did a thesis on, where they have 19 
degrees variation right under Wilmington, and I am convinced there 
is either iron or some sort of metal under there. But there is a ter- 
rifie discontinuity in your magnetic field in the area of Wilmington. 
So it is not an even thing like everybody imagines, but it will point to 
the north or to the south generally. 

Mr. Fuuron. Is the southern magnetic pole then in the opposite 
oo, from the northern magnetic pole so they are diametrically 
opposed ? 

dmiral Haywarp. Yes, sir. 

Mr. Fuuron. And does your compass pass every point toward it? 

Admiral Haywarp. The rear end of it, the opposite part. You 
have a magnet with opposite poles so it is always lined up. 

Mr. Fuuron. Why is the pole where it is? 

Admiral Haywarp. This is a good question. I don’t know. 

Mr. Futon. I have thought of this a long time. 

Within how close an area do you locate either one of those poles? 


Let's | 
yoni, 
1 for 
d de. 
‘Id to 
fense 
1e dle. 
bably 
and 
anced | 
ith 
Tr the | 
ed, 8 | = 
ansive | 
rh the | ie 
em to 
y pro- 
places { 
allied | 
1 war, 
e. 
o take 
mn. that 
“ument 


138 BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 


Admiral Haywarp. You take a dip needle, and when it Points 
straight down, that is your magnetic pole. : | 
_ Now, when you go across you see your dip gets down, as that yep. 
tical component gets greater. The horizontal component is zero whe, 

you are at the pole. 

Mr. Fuuron. How big a CEP is it? 

Admiral Haywarp. It is pretty sharp. We have curves on it, | 
would say depending on the measuring instruments you have it is 
pretty well located now, within a mile, I would say. However ‘there 
are some other discontinuities up there where they have one rea] strong 
source, and then one shortly away from the north pole. 

Mr. Futron. Has there ever ‘bron any exploration or drilling done 
there to see what is there? 

Admiral Haywarp. No, sir, not in either pole, to my knowledge 

Maybe Admiral Bennett knows of some. 

Admiral Bennett. I don’t believe so. 

Mr. Fuuron. Maybe we ought to have a project to see what is down 
there. 

Admiral Haywarp. We have some other ones. 

Mr. Furron. The North Pole is on land, and the other one on water 
or ice or what ? 

Admiral Haywarp. They have always been ice. The South Polk 
ison the Antarctic continent, really. It is all ice. 

Mr. Furron. But is there land underneath? That is what I an 
getting at. 

Admiral Haywarp. In the South Pole? 

Admiral Bennett. Yes. 

Mr. Fuuron. Under each of them there seems to be land below the 
magnetic poles. 

Admiral Bennett. Yes, sir. 

Mr. Furtron. Have the magnetic poles moved that we know as the 
first point of Aries has in human history ? | 

Admiral Haywarp. We haven’t had a long enough sample to knov. | 

Admiral Bennerr. The general indication is that they do move 


slightly. 
a Mr. Ficumesr, What is the diameter of the magnetic North or South 
ole? 

Admiral Haywarp. I would say roughly a mile. When you fly | 
over it, the effect of that thing is like a cone of silence, and so I would | 
say if it is 500 yards on the ground, itself, depending on the altitude, 
that cone would increase as you got higher. 

Mr. Fuuron. Would you say that there is an electronic hole wher 
the North or South Pole is, so that it is without distortion because if 
magnetic waves, perhaps as we have holes over here in West Virginia, 
various spots in the earth? Is it a place where we could have better 
electronic reception, for example? 

Admiral Haywarp. Well, in this IGY Bulletin No. 21, if you read 
Van Allen, you will see the advantage of shooting a satellite from 
the magnetic North Pole. And if you want to do some scientific er 
periments, this is a very good place to do it. 

Mr. Furor. Well, should we on this committee look into the place 
where it would be optimum for scientific experiments that would elim- 
inate a lot of this magnetic and electronic interference ? 
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Admiral Haywarp. I am sure Dr. Van Allen could answer that bet- 
ter than I could. 

Mr. Fuuron. Are we, on a scientific base in the United States, going 
at this problem from the best possible ground sppreecn or should we, 
rather than from less than the optimum place look for those optimum 

jaces and then have those as bases of experiment ? 

Admiral Bennerr. Could I try to answer that one? _ 

I think you would find, Mr. Fulton, that we are making every effort 
to find and use those optimum places. ; 

For example, the IGY experiments that Admiral Hayward men- 
tioned were from Fort Churchill, very near to the magnetic North 
Pole. Another one which is in prospect, the best place to conduct a 
cosmic ray investigation which is interlocked in a certain respect with 
the magnetic field of the earth is the equator. The one which is coming 
up here next year has already been eas for the magnetic equator, 
and I think you would find that this has already been investigated 
quite extensively. 

Mr. AnFruso. Thank you. 

Well, I think we ought to conclude today’s testimony by congratu- 
lating the Navy on the eee victory you had yesterday. That cer- 
tainly was a wonderful achievement. Of course I undestand that 

ou tried it before, and were successful in delivering mail by missile. 
{think that is a great achievement. 

Would you care to comment on that, Admiral, to give us perhaps 
encouragement as to what can be done in the future along these lines 
and how eventually we can reduce the cost of our great military effort 
by the peaceful use of outer space ? 

Admiral Haywarp. My comment is that that was one of the first 
operational missiles the Navy had, the Reg-1, and if you can do it 
with that type of equipment, we certainly can do better. 

Mr. Chairman, this afternoon we would present the missile program 
to you or do you want to do it tomorrow ? 

r. AnFuso. I think we have it scheduled for tomorrow. 

Admiral Haywarp. Very well, sir. 

Mr. Fuiton. Just before you finish on that, I do think it was a 
fine example of teamwork and precision of the Navy to have the 
Regulus operate with such precision that you were able to bring it into 
ashore installation and guide it in for an air traffic landing. 

May I finish with something else ? 

Why don’t you have plans, instead of delivering supplies to isolated 
Arctic installations of ours with icebreakers, to deliver a lot of equip- 
ment by missile to them? Couldn’t you have a landing area that 
would bring that 

Admiral Harwarp. This gets back to the state of the art of guidance 
andrange. You have some pretty serious problems, and the cost would 
really lick you. 

Mr, Futon. It would be more than the icebreakers ? 

Admiral Haywarp. Yes, sir. 

Mr. ANFUSO. Gentlemen, would you mind meeting at 9 : 45 tomorrow 
morning ¢ 

Admiral Haywarp. No, sir. 

Mr. Anruso. Because we would like to finish about 11: 30, and then 
go into executive session with the committee. 
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Admiral Hayrwarp. All right, sir. Thank you. 

Mr. Beresrorp. Mr. Chairman, could the witness provide for the 
record the chart of fiscal budget figures? 

Mr. Anruso. Oh, yes. 


Thank you very much. 
(Nore.—The information was supplied and is classified.) 


Admiral Haywarp. Thank you. 
Mr. Anruso. Admiral Hayward and Admiral Bennett, you wer 


both very fine witnesses. 
(Whereupon, at 12:06 p.m., the subcommittee adjourned, to recon. 


vene at 9:45 a.m., Wednesday, June 10, 1959.) 
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THE DEPARTMENT OF DEFENSE 


WEDNESDAY, JUNE 10, 1959 - 


Houser or REPRESENTATIVES, 
CoMMITTEE ON SCIENCE AND ASTRONAUTICS, 
No. 3, 
Washington, D.C. 

The subcommittee met at 9:45 a.m., Hon. Victor L. Anfuso, chair- 
man of the subcommittee, presiding. 

Mr. Anruso, Admiral Masterson, I am sorry to hold you up. 

I hope that we can hear both you and Admiral Yeager this morn- 
ing and then possibly another witness this afternoon, if we are not 
too busy on the floor. 

Admiral Masterson. Thank you, Mr. Chairman. 

Mr. Anruso. It is nice to see you again, Admiral Masterson. 

You may proceed. 

Admiral Masrrerson. Thank you, sir. 

Mr. Chairman, you asked yesterday that we give you a brief run- 
down on the transit program, and I would like to start off with the 
transit program and then go into the missiles. 

Mr. Anruso. That is perfectly all right. 

Admiral Masrrrson. Mr. Nicolaides, from the Bureau of Ord- 
nance, will be the chief witness here on the transit program. 

Mr. Nicolaides. 


STATEMENT OF J. D. NICOLAIDES, CHIEF ENGINEER TO ASSIST- 
ANT RESEARCH DIRECTOR FOR ASTRONAUTICS, BUREAU OF 
ORDNANCE, U.S. NAVY 


Mr. Nicotamwes. What we have here, gentlemen, is a satellite sys- 
tem for navigating ships, submarines, aircraft * * *. 
I will just briefly explain the concepts of the system. 
* * * * * * * 


In getting accuracies that we desire * * * we need computing 


| uipment only the size of an ordinary file cabinet. So the equip- 


_ wnent, insofar as the satellite is concerned, * * * and insofar as the 


shipborne equipment is concerned, it is very simple. 
ow, let me just say a word: 
The main trick here, and the discovery of the Applied Physics Lab- 


_ oratory of Johns Hopkins University, is the method for listening 


| to* * * the satellite, and from that determining the distance be- 


tween the ship and the satellite. 
47386—59—10 141 
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In the next slide let me briefly say—— 

Mr. AnFuso. May I interrupt you for a minute? 

Mr. Niconames. Yes, sir. 

Mr. Anruso. I don’t know whether this has any connection wif, 

our testimony, but the other day there was an article which appeared 

in the newspapers about American Army engineers, in cooperatio, 
with Japanese engineers, working out a means of plotting distany 
between a target and the place where the missile is fired from. 

Mr. Nicovaies. Did they specifically refer to the use of satellites iy | 
that article, sir? 

Mr. Anruso. No, they did not. That is what I wanted to get, 

Yours isa means of doing it by satellite, isn’t it ? 

Mr. Nicoxarpes. Yes. 

I will come to that in a moment. 

Mr. Anruso. Do you know about this other device I am talking 
about ? 
* + * * 


Mr. Anruso. Very precise, you say ? 
Mr. Nicotaiwes. Yes, very precise * * 
* * * * * * 


Mr. Anruso. With this other device I think they were able to meas. 
ure the distance to 90 feet, which is pretty good, isn’t it? 

Mr. Nicotares. Yes, sir; that is quite good. * * * 

Let me say what the trick is. Other people have thought of this 
The trick that APL uses is * * * to get this very precise accuracy, 

But here is a determination of the satellite’s parameters—I won't 
go into them in detail * * *. 

Let me make one important point here * * *. 

Now, using stations all around the world in the normal way, and 
observing a satellite for over a week’s time, these were numbers that 
were obtained by two independent British observation teams, and this | 
is over more than a week’s time and using many stations. 

Look how our numbers compare with theirs * * *. 

The next slide please. 

* * * * * * * 


The same system which accurately determines the ship’s position | 
can also be used to track the satellite. * * * This data is fed back to, | 
say,a * * * computer * * *. and the satellite’s position is computed | 
for 2 days or more * * * and really this is al] that is involved in the | 
system. 

* * * * * * * 


Now, the other potential stumbling block is that we have to 
know 

Mr. Anruso. Excuse me. 

You say you could incorporate it in the satellite ? 

Mr. Niconaiwes. Yes. 

Mr. Anruso. Admiral Masterson, have you given thought to m- 
corporating that into the satellite? 

Admiral Masterson. Do you mean how to find distances 
with this? 

Mr. Anruso. Yes. 

In other words, can the satellite store information * * *. 


* 
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Admiral Masterson. We have various * * * satellites in the plan- 
ning and development stage right now under ARPA, and these vari- 
ous uses for obtaining information * * * is in the planning stage. 

Mr. AnFruso. That is in the planning stage ? 

Admiral Masterson. Yes. 

Mr. Anruso. When do you think some results can be achieved ? 

Admiral Masterson. Well, I think it will be probably several years 
before we have the details worked out * * *. 

Mr. Anruso. Do you think any other country is more advanced in 
that respect ? 

Admiral Masterson. I don’t think there are other countries more 
advanced than we are in that field. * * * 

Mr. Anruso. And therefore you are making this study now to keep 

repared for it ? 

Admiral Masterson. Yes, sir. 

Mr. Anruso. Thank you. 

Mr. Van Petr. What is the contemplated life of these satellites ? 

Mr. Nicoaies. * * * We expect it will live for * * * years and 
continuously transmit. . 

In a moment I will turn the presentation over to Dr. Kershner, who 
will show you some of the hardware that has been developed and cover 
some of these aspects. 

The only problem I wanted to touch on now is * * * to predict 
* * * ahead what the satellite’s position is going to be with accu- 
racy, * * * requires a knowledge of the gravity force everywhere in 
space, and that means you have to know the mass distribution in 
earth. Also you have to know where points on the earth are, or 
earth mapping.* * * The first phase of the program will be getting 
this gravity force, using experimental satellites to determine the grav- 
ity potential over the earth and also essentially mapping some of the 
key distances and certainly the shape of the earth. 

So at that point I would like to stop and turn the program over 
to Dr. Kershner, who is the director of this program at the applied 
physics laboratory, who discovered this principle. 

Dr. Kershner. 


STATEMENT OF DR. R. KERSHNER, TECHNICAL DIRECTOR, 
TRANSIT PROGRAM, APPLIED PHYSICS LABORATORY, JOHNS 
HOPKINS UNIVERSITY, SILVER SPRING, MD. 


Dr. Kersuner. The present status of the program is this: We 


started about a year ago in the development of the first test vehicle, 


which is now scheduled for launch late this year. This will be fired 
from a Thor-A vehicle at Canaveral in quite normal fashion. 
* * * * * * * 


Furthermore, we are investigating, as Mr. Nicolaides has men- 
tioned, the problem of determining the refracting effect of the ion- 
osphere which, for experimental purposes in this first unit, * * *. 
So the first device is not the operational device. * * * 

This shows what the first device will look like. It is spherical. 
This is just a mockup to give an impression of its shape and size on the 
launch vehicle intended for the first shot. 
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the atmosphere and which is then pushed off when the satellite is yp. 
leased in orbit. 
* * * * 


This, in other words, proves in the concepts the ability to correct ye. 
fraction and to do the tracking with our listening stations. 

May I have the next slide, please ? 

This shows we have already had the device down to Canaveral to 
test antenna patterns when mounted on the stand, as it will be at 
the test field this fall, to make sure that we have good transmission 
and so on. 
Next slide. 

This shows a little better what the device looks like. 

* * * * * * * 
There are chemical batteries for one of the two systems, but the 


other system is powered by solar cells arranged in a bank around 
here, so two of the systems can remain on * * * years’ duration, 


Two of the systems are on chemical power, * * * 
Next slide. 
This gives a little better picture of the solar cells on a realistic 
sphere. 
* * * * * * * 


Next. 

This I mentioned as the heart of the device, * * *. All we must do 
is keep the radiation low and we have extremely good control * * *, 
Next slide. 

This shows typical electronics. The problem of designing elec- 
tronics for space vehicles is not particularly different from that for 
designing it for missiles. It is rather typical missile electronic pack- 
aging ; all transistors, of course. 

I mentioned the ground stations with which we would do the track- 
ing. This will be one of them. * * * 

This covers sort of the extremes of the country, and it should make 
it possible to demonstrate our * * * capabilities within the confines of 
the United States * * *. 

I don’t believe this is too readable. There is too much on it anyway, 
so I will simply use it as a background for a discussion of the way the 
program is going. 

We have three more shots now scheduled by ARPA * * *. The 
second one is also from Canaveral. One of them is from Canaveral, 
* * * one of the two is from Vandenberg, the Pacific Range, and will 
be fired in nearly polar orbits so we approach the operational system 
at least insofar as the orbit is concerned. Also we need to explore 
the refraction effect in the polar regions where the aurora disturbs 
the ionosphere more heavily than it does farther down. 

Once we have satellites in orbit * * * and demonstrated the feasi- 
bility, we are ready to put the * * * satellites up, and the overall 
program calls for * * * an operational system. ' 

The first satellites do not contain a memory system by which you 
can feed in information and read it back. That is being developed on 
the ground separately as an engineered device and will be put into 


There is, of course, a nose cone which goes over this to carry it into | 
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That is a quick once over. 
Mr. Futron. Mr. Chairman, are they going to put the charts in the 
rd? 
admiral Masterson. Do we have these charts in such form that they 
can be put in the record 

Dr. Kersuner. They can be made eresioule by tomorrow. 

Mr. AnFuso. All right, they will be inserted in the record at this 

int. 

(Nore.—The information was furnished to the committee but is 
classified. ) 

Mr. Futton. Why do the Russians choose 62 to 66 degrees and we 
are choosing * * * inclination ¢ 

Dr. Kersuner. Well, you want to cover the whole world, and at the 
altitudes that we choose you can see * * * from the North Pole and 
therefore the whole world is covered. It depends upon the altitude at 
which you put your satellite. Also, it is a little easier to put it, in the 
first attempts, into an orbit from a latitude which you have reached. 
* * 

Mr. Futron. I wonder why the Russians put three into orbit * * *. 
There must have been some reason for it. 

Admiral Masterson. * * * 

Mr. Fuuron. I see. 

Mr. Nicouawes. The angle of the orbit is required for * * * a 
minimum of satellites up. I don’t think the Russians have such 
requirement on the satellites that have been launched by them. 

Mr. Fuuron. * * *. 

Mr. Nicotaiwes. That is right. 

Mr. That is all. 

Mr. Anrvuso. * * *. 

Admiral Masterson. We are restricted only by the open seas where 
we launch. If we wanted a fully instrumented satellite, we would 
have to fire it down the Atlantic Missile Range. However, we have 
enough controls on the beach that we can get them into orbit by 
shooting them anywhere within the confines of the Atlantic Ocean. 

Mr. Anruso. Now, Admiral, we have your statement here. Does 
Admiral Yeager have a prepared statement ? 

Admiral Yracer. Yes, sir. 

Mr. Anruso. May we have that ? 

Mr. Furron. This is the big morning for the House Foreign A ffairs 
Committee, and so I must leave, Mr. Chairman. 

Mr. Anruso. That is perfectly all right. 

Suppose, Admiral Masterson, you give your statement, and then 
Admiral Yeager will give his statement, and then if we have time we 
shall give questions later. 

Admiral Yrnacrer. My statement is very short, Mr. Chairman, and 
we are going to give you an oral briefing similar to what you have 
seen here. 

Mr. Anruso. All right. Thank you, sir. 

You may proceed, Admiral Masterson. 
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STATEMENT OF REAR ADM. K. M. MASTERSON, U.S. NAVY, ASsigr. 
ANT CHIEF OF NAVAL OPERATIONS FOR DEVELOPMENT, Ayp 
DIRECTOR OF GUIDED MISSILES 


Admiral MAsTERSON. I am Rear Adm. K. M. Masterson, Assistant 
cnet of Naval Operations for Development, and Director of Guided 
issiles. 


I welcome this opportunity to present to you today the Navy's 


guided missile program in more detail than we gave last spring, We | 


never did get around to the classified briefing. 

What we are planning to show here today are the guided missiles 
systems scheduled to put in an appearance between now and the pe. 
riod 5 to 7 years from now. At long last the guided missiles are pok. 
ing their heads around the R. & D. corner. Some of them have a very 
familiar ring. For example, we have the Polaris, the Sidewinder, the 
Sparrow, the Terrier, the Talos, and the Tartar, that you have been 
hearing about for several years. 

As you know, the Navy combat ships at sea provide the Nation's 
only military force that is not subject to threat or targeting by the 
growing Russian ballistic missile force. We don’t think that ships 
are vulnerable at all to ballistic missiles. We discussed that some- 
what yesterday, I believe. 


The Nation’s investment in the Navy missile program enhances its | 


ability to cope with the local limited crises such as we experienced in 
Lebanon and Formosa and also it gives us a flexible force at sea, ready 
to move to any part of the world where deep water is, and deep water 
covers 72 percent of the earth’s surface. It permits us to support our 
friends, and all of our friends today border on deep water. In fact, 
it is “= ge that holds our coalition of free friendly nations 
together. 

e have attempted to strike a balance between procuring weapons 


for readiness today and developing weapons for our future require- | 


ments, so in these slides I will show today you will see our procure- 
ment program along with our research and development. program. 
We are preparing for future readiness in four categories of missiles 
that are completely in the research and development phase; the Sub- 
roc that was mentioned yesterday, it is a submarine-launched missile 
that goes up through the water and then through the air ballistically, 
reenters the water for a kill on another submarine. This we will show 
in more detail later on. 

The Eagle missile system was discussed by Admiral Hayward 
yesterday. 

The Corvus system was not discussed by Admiral Hayward. That 
is a standoff missile * * * I will go into more detail later on. 

The Sidewinder 1C is an advanced version of the Sidewinder 
missile. 

Other Navy missiles are already at sea. 

Now you have had a presentation briefly on Polaris. I am prepared 
to discuss that more if you want me to, today, but we will run down 
our other missiles today. 

Sparrow-3 is our air-to-air missile currently in active fleet use. It 
went to sea this spring for the first time in nis of the active fleet. 
Now it is deployed in both the Atlantic and the Pacific. It is capable 
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of supersonic launch from high performance aircraft. It is designed 
to live in the speed range where aerodynamic heating is a problem. 
In other words, you have additional heating on these externally 
loaded missiles when you go into supersonic flight, * * * This one 
was designed for high speed flight. It is now going on the F3H2’s 
and the F4H supersonic fighters. Squadrons will be outfitted with 
these during fiscal year 1960; * * *, Roe 
This picture of the man on the slide gives you the comparative size 


the missile. 


Mr. Futon. How much does this cost ? 

Admiral Masterson. * * * I believe. All of these missiles are 
expensive, unfortunately. In my opinion, this is the best air-to-air 
missile of any service today. 

Now the Sidewinder is the most popular, the cheapest, and the most 


versatile as far as its application for use on various types of planes 


' that we have today. 


I would say that it is our standard air-to-air missile. As you know, 
it was proven out by the nationalist Chinese in the current little 
fracas that is going on around Quemoy, and the Communist Chinese 
knocked off the battle as soon as they found we were using them out 


there. 
Mr. Futron. What is the difference between this and the previous 


- one,and what is the difference in cost ? 


Admiral Masterson. This is a much smaller missile. 
* a * * * * * 
NATO countries have the Sidewinder. We have given it to several 
of our friends. Now you see the differences in size here. * * *. 
This is the 1—A missile. 
The 1-C missile, the one we are developing now, and the one for 


which most of the development money of the fiscal year 1960 budget 
will buy, is the advanced Sidewinder. 


| Mr. Anruso. You say the nationalist Chinese used this in the 
Formosa area ? 


Admiral Masterson. Yes, sir, the Sidewinder 1. 
Mr. Anruso. And when the Chinese Communists found out about 


’ | it, they changed their method of attack ? 
| Admiral Masrerson. That is right. There has not been an air 
| 


engagement since. 
r. Anruso. Would you say then that the Communists were not 
_ supplied with a similar missile by the Russians? 

Admiral Masterson. They were not at that time. 

Mr. Anruso. Do you think the Russians have one? 

Admiral Masterson. I think the Russians may have something very 

Smilar to our Sidewinder. 
\ -Mr. Anruso. Thank you. 

Admiral Masterson. It probably hasn’t got quite as good per- 
formance, either. * * * 

Mr. Fuuron. In the Formosa battle * * *. There were other 
means performed. It was not due solely to the Sidewinder, although 
they did have almost a hundred percent kill on every shot they made. 

dmiral Masterson. They had a high percent kill. * * * 
__ Mr. Fuuron. It was a remarkable performance for the Sidewinder, 
utstrategically there were other factors. 
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Admiral Masterson. The Chinese nationalists had really been giy. 
ing them a hard time. * * * 

The next missile is the Bullpup. We had some discussion on th, 
Bullpup yesterday. I think Mr. King was interested in it. 

Mr. Anruso. That is right. Tell us a little more about it. 

Admiral Masterson. Well, the requirement for the Bullpup sprayy | 
out of the losses that we experienced in Korea where the planes, | 
going in for close support of troops, had to come down so low to hit | 
with their bombs they were getting knocked down by 20-millimete 
and 40-millimeter fire, small arms fire. 

* * * * * * 


The Bullpup is very effective. It is very accurate, and out to a 
far away as you can see your target you can use it. * * * 

Mr. Anruso. Would you say that the Russians have something 
similar to the Bullpup ¢ 

Admiral Masterson. * * * I wouldn’t be surprised but what they | 
have something similar for supporting troops on the beach, * ** 
You could use it against ships also, and I presume it would be if they 
could get in that close. 


* * * * * * 


Mr. Anruso. Of course, you could also keep your eye on a ship, 
couldn’t you? 

Admiral Masterson. Yes. 

Mr. Anruso. If they had enough of these and knew where you 
fleet was located, they could spot each one, couldn’t they ? 

Admiral Masterson. They could spot each one, but the way ou 
fleet defends itself now, an unfriendly airplane doesn’t get clos 
enough even to see the fleet, even on his radar. 

* * * * * * x 


Admiral Masterson. Yes, he would have to come awfully close. * ** 
We know where they are, and we either have a combat air patrol | 
plane track them down * * *. We would be shooting them down with 
missile ships. Right now, though, combat air patrol is the main way 
of knocking them down. 

Mr. Anruso. You can track them with your radars * * * did you | 
say ? 

‘Admiral Masterson. If they are above the radar horizon, yes, and | 
unless they are above the radar horizon, their radars can’t pick us up. } 

(Discussion off the record.) 

Admiral Masterson. You can only pick up a ship to the limit of | 
your radar horizon, which is on the order of a few miles for a ship. 
An airplane you can pick up farther out. 

Mr. Anruso. For the record, you don’t think that our installations | 
in the Caribbean are m danger ? 

Admiral Masterson. I do not. 

Mr. Fuuron. * * * you don’t think they are in danger? 

Admiral Masterson. Well * * * any of the nations down ther | 
may be in danger as to revolution, but I don’t think our own installa- 
tions are in danger. 

Mr. Furron. Well, with reference to the installations, we have 
* * * for our Downsea’s Missile Range, you don’t think there 1s any | 
danger from a hostile force from Cuba taking that over? 


\ 


j 
4 
| 
| 


en gir. 


On the 


pianes, | 
to hit | 
Limetey 


it to as 


lething 
at they 


if they 


a ship, 


. there 
istalla- 


e have 


is any | 


BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 149 


Admiral Masterson. I don’t think so. As you remember, we had 

alittle bit of trouble during the Cuban revolution with some of our 

ple captured by the rebels up in the hills, but that is as far as 

it went, and I don’t think our installations in Cuba were ever really 

endangered by the Cuban revolution. No; I believe they plan to 
Jjeave our own installations fairly much alone. 

Mr. Furron. Thank you. 

Mr. Anruso. Would you continue now ? 

Admiral Masterson. I think we have already covered the character- 
istics of the Bullpup. * * * That is for the typical type of target, 
such as a tank. However, there are targets that can be seen farther 
and which can be fired on. ; ; 

As I said earlier, the range is determined by how far you can pick 
out your target. You can shoot farther than this, but your line of 
sight for a tank and a bridge, * * * is the best you can see to ac- 
curately control this missile. 

The Corvus missile will not be operational for a couple of years 
yet. This is a standoff missile. * * * It is also used as an anti-ship 
weapon. * * * 


Mr. Futron. How much do these cost ? 

Admiral Masrrerson. The present price is * * * but that is for 
an evaluation missile. That will come down considerably in a pro- 
duction missile. 

These are the main characteristics of it * * *. This can be used in 
small wars. It is so effective that you can use a nonnuclear warhead. 

The Bullpup also is for use in small war situations. 

Now, the Eagle is a long-range air-to-air intercept missile. 

We have lost our ability to keep combat air patrol on station for 
long hours as we used to do in the war. * * * The turn-around 
time has to be so fast on these jets. Here we are putting the per- 
formance in the missile instead of in the airplane. We can keep the 
aircraft on station with the long-range search radars of the early 
airborne warning radar planes in the same area and combining the 
two you will have some good defense that you can keep on 
station * * *, 

Mr. Anruso. What is the range of the Eagle missile? 

* * * * * * * 

Admiral Hayward said yesterday we can get greater range. We 
probably can lateron, * * * 

The Talos is the prime product of the Bumble Bee program. Ad- 
miral Hayward discussed the Bumble Bee program yesterday in some 
detail, the Talos, Tartar, Terrier series. 

Here we have the characteristics of the Talos. It is now at sea on 
the first cruiser, the Galveston. We have three light cruisers and 
one heavy cruiser coming along later on to carry this, plus one heavy 
nuclear cruiser, plus two other heavy cruisers through the fiscal year 
1960 delivery period that will carry the Talos missile. 

This is our long-range surface-to-air missile. 

* * * * 
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Tt will have a very sophisticated fire control system that will trag 


missiles as well as airplanes. It will be an antimissile battery ag wa} 
as an antiaircraft battery for our future ships. 
* * * * * * * 


Now, the Terrier was the first guided missile to get to sea in the| 


surface-to-air category for the Navy. We now have 3 aireraf 
carriers, 3 light cruisers, 3 heavy cruisers, 11 frigates, and 1 destroye 
being armed with this weapon. We have the Be 
and the Gyatt, two cruisers and a destroyer, at sea with it. 

The advanced Terrier will be coming along later. 


* * * 


The advanced Terrier is coming along in production righ 

Mr. Van Pett. Is this similar to what was used on the Boston) 

Admiral Masterson. It is much the same. The Boston ig the 
earlier version. You can see its relative size from the man standing 
there. 


oston, the Canberra, 


The Tartar is the baby of the surface-to-air missile series and of | 


the Bumble Bee program. Thirteen destroyers and two cruisers ay 
now being built to carry this or being armed with this missile, 
It goes to sea early next year. he operational date is March 


1961, in the Charles S. Adams, a destroyer, the first ship to get this | 


missile. 
* * * * * 


Now, when I say antimissile capabilities, I am not talking about 
shooting down ballistic missiles, that is, of the IRBM or ICBM 
variety, but it would be good against a * * * relatively short-range 
ballistic missile or an air-to-surface missile that might be used against 
the fleet. 

* * * * 

Now, the Subroc is the next one of our missiles. The development 
of this was just started last year. It was just funded to any great 
extent last year, and the submarine people think this is the best thing 
we have got coming along in the ASW field. 

* x * * * * * 


Mr. Anruso. At what distance can you track other submarines 
now? 


* * 

Admiral Yracer. It depends on the system, Mr. Chairman. We 
are going to cover that. 

Mr. AnFuso. Fine. 


Admiral Masterson. That will be covered in some detail later on. | 


Admiral Masterson. I should have said about the Subroc, it shoots | 


out of a regular torpedo tube, such as we have on submarines nov. 
It has to be tied in with sonar. 

The Regulus 1 has been in the fleet for some years. * * *. 

It is now carried as the main surface-to-surface armament on five 
submarines and four cruisers. Actually, it is in four submarines now 
with another one coming along. 

* * * x 
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We have four cruisers to carry the Regulus 1, and this is the mis- 
sile that carried the mail there the day before yesterday from a sub- 
marine onto the beach. * * * It goes at * * * almost the speed of 

nd. 
sao, as you know, the Navy’s prime contribution to the national 
deterrent retaliatory posture of the future is the Polaris. It is com- 
ing along. It isa mobile concealable system ; it cannot be targeted 
in advance; assures inevitable retaliation, and that inevitable retalia- 
tion we think is very important. 

Remember, time and survivability are such that retaliation can be 
either immediate or controlled and deliberate. That is another im- 

ortant point. 

The system draws enemy fire away from the United States. Asa 
matter of fact, I think we will find that Russia will have to put more 
and more effort at sea with this system out there if she wants to do 
anything at all about it. 

Mr. Anruso. Admiral, are you going to cover later the relative 
submarine strength of the United States? 

Admiral Masterson. Yes, sir; that will be covered later on. 

The first Polaris submarine * * *, The George Washington was 
launched yesterday. * * * There are nine now authorized. Six of 
them are under construction. The construction of three more will 
start shortly after the first of the next calendar year. 

The design range is 1,500 nautical miles. We expect to have that 
range * * *, 

The first missiles will have around 1,200 miles’ range. * * * 

Mr. Anruso. And is it your opinion * * * that the Russians do 
not have a missile with a range of 1,500 miles that can be shot from a 
submarine 

Admiral Masterson. We don’t think they do yet, sir. 

Mr. Anruso. But we have got it in production now * * *. 

Admiral Masterson. We think that they have missiles they can 
use from submarines. 

Mr. Anruso. But not with that range? 

Admiral Masterson. That is right. 

Mr. Anruso. 500 miles is about right ? 

Admiral Masterson. Probably so, sir. 

Now, here are the operational dates of the various missiles I have 
told you about today; * * * 

Now, here is the 1960 R.D.T. & E. budget. It was shown as a part 
of the other package yesterday. I don’t think we need to go into it 
here. * * * We think of the Navy as being a precision instrument of 
national policy. With our versatile fleet armed with missiles, we can 
tread lightly or heavily—here today and somewhere else tomorrow. 
The mere existence of this capability is an active instrument for the 
promotion of peace and a persuasive deterrent to war. 

Mr. Anruso. Thank you very much, Admiral Masterson, for a very 
fine presentation. 

Now, supposing we hear Admiral Yeager now. 
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STATEMENT OF REAR ADM. H. A. YEAGER, ANTISUBMARIYE 


OPERATIONS 


Admiral Yracer. Mr. Chairman, gentlemen of the committee, | 
am Rear Adm. Howard Yeager, Antisubmarine Warfare Readi- 
ness Executive to the Chief of Naval Operations. My duty is to 
supervise and coordinate, for Admiral Burke, the overall antisub. 
marine warfare program of the Navy. 


warfare with you today. I will attempt to give you a broad picture in 
a short time. 

Captain Kinney of my staff will then brief you on the Soviet sub. 
marine fleet and the U.S. ASW capability. My staff and I are then 
prepared to spend any amount of time you desire in discussing any 
area of antisubmarine warfare of special interest to you. 

The Soviet submarine threat has been widely publicized. Most citi- 
zens of the United States now are aware that the Soviets have a sub. 
marine fleet unprecedented for a nation which claims to be at peace. In 
tangible terms, the full meaning of this fleet to our Nation can be 
summarized in three segments: The threat to commercial shipping; 
the threat to naval task forces; the threat to the continental United 
States. 

Consider each of these briefly: 

First, the threat to ocean shipping. As you know, the United 
States is not self-sufficient. A flow of goods by sea is vital to an ex- 
panding economy and an important factor in the maintenance of our 
standard of living. Moreover, the seas provide the highways which 
transport a large proportion of our strategic materials requirements, 

The President’s Materials Policy Commission pointed out that 

there are 77 strategic critical materials needed by the United States, 
We are self-sufficient in only 11. The projected demands point to an 
increase in the requirements for these critical materials. By 19% 
these increases will range from 45 percent in the case of copper to 
358 percent in the case of aluminum. 
Take aluminum as a specific example of our need. A shortage of 
aluminum would substantially halt aircraft and missile production 
and would cripple other vital military programs. Four pounds of 
bauxite are required to produce one pound of aluminum. And 8 
percent of the annual requirement for bauxite comes from over the 
seas. The sources: Indonesia, British Guiana, Haiti, Jamaica, Su- 
rinam, and Trinidad. 

Manganese is another good example. In the manufacture of steel, 
manganese is essential as a reducing agent and cleanser. Lack of 
manganese would halt steel production. Of the manganese ore re 
quired annually by the United States, 87 percent is imported by sea. 
It comes from far-off Indonesia, the Philippines, New Caledonia, 
Chile, Brazil, Cuba, the Union of South Africa, Angola, the Belgian 
Congo, the Gold Coast, French Morocco, Turkey, Greece, Portuguese 
Asia, and India. ; 

Other mineral deficiencies for which we rely on the sea: Cobalt is 
used in the manufacture of jet engines and gas turbines; columbite 1s 
used in the production of stainless steel and refinery equipment; can- 
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talite is used in heat-resistant superalloys for jet aircraft and guided 
missiles, electronic equipment, and cutting tools. Mica, nickel, tin, 
tungsten, zinc, to name only a few, all add to the list. All these must 
be imported from overseas. 

The seas are as vital to our peacetime prosperity as they are to our 
wartime survival. The sea makes possible an weg soto living stand- 
ard of all those countries associated with us in friendship. Failure 
to control the sea to our benefit can result not only in military dis- 
advantage but in commercial disadvantage and hardship as well. 
The submarine is a traditional weapon of a predominantly land 

wer. It can sever the sea arteries of a maritime nation’s industrial 
heart. The greatest single threat to U.S. control of the sea is the 
existence of a modern, growing, well-trained Soviet submarine fleet. 
This fleet is manned by specially selected personnel. Its operations 
are constantly expanding. 

At this instant there are about 6,700 merchant ships at sea. These 
are ships of 1,600 gross tons and above. ‘They are nearly all ships 
which fly the flag aid carry the goods of those nations which we know 
as the free world and the neutralist bloc. A very minor proportion 
are Soviet ships and ships of the Soviet colonial empire. In a jet and 

ace age, this ry amine edestrian means of transportation 

oes and will, in the foreseeable future, move the world’s bulk cargoes. 

Since few people realize the masses and volumes which flow in peace- 
time and which must flow in any form of war, it is sometimes suggested 
that we airlift or carry it in submarines. This, they believe, would 
avoid the Soviet submarine menace. Careful study indicates that it 
is simply beyond the bounds of economic possibility to airlift these 
masses. In calendar 1957, for example, a total of 1,120,150 million 
short-ton miles were transported into and out of the United States 
across the oceans. Of this total, 99.8 percent came by sea and only 
two-tenths of 1 percent by air. For comparative purposes, if the sea- 
lift were taken as the length of a football field, the airlift, in propor- 
tion, would be the length of the football. 

Examination of commercial transportation by submarine shows it 
to be in the same economic class as the airlift, and similarly limited as 
tobulk. I do not mean by this statement to derogate either the airlift 
or the submarine potential. The airlift is finer than fine gold. It 
will do things for us that nothing else can do. When time is of the 
essence, and the loadings are of the right magnitude, there is simply 
no replacement for a good airlift capability. The airlift and sealift 
complement each other. But neither can replace the other for its 
purpose. 

This does demonstrate, however, that our problem really is to de- 
fend the masses and volumes that must flow where they were—on the 
surface of the water. 

The second aspect of the Soviet submarine threat is that to naval 
task forces. ‘The sheer magnitude of Soviet submarine numbers 
spells trouble to our fast carrier striking forces, amphibious forces, 
mobile logistic support forces, in fact, every man-of-war or auxiliary. 
The threat is present in all shades of war from cold war to all-out 
nuclear exchange. Even in limited war, situations not involving the 
Soviet Union directly, the threat is still an important one. 

+ * * * * * 
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To further complicate the picture, the Soviet propensity to volunteg, 
has been fully demonstrated. Commencing with the Spaiish Ciyjj 
War, extending to the Korean conflict and threatened in recent crises 
in the Middle East, it is still present. It would be even more difficult tg 
determine who is manning the submarine than it was to determing 
who was flying the Mig. 

And, finally, the threat most tangible to the American citizen, that 
to the continental United States, the marriage of the nuclear warhead 
missile to the submarine, adds a new dimension to strike from the seq, 
The inevitable appearance of the Soviet submarine with nuclear pro. 
pulsion will augment the problem. Eyes that have long been focused 
toward missile routes across the polar region voddanks realize that 
missiles can now appear from over the shoulder. 

In broad outline, gentlemen, these are the three faces of the Soviet 
submarine threat. We are moving forward with positive strides to 
meet the challenge. 

* * * * * 


Mr. AnFruso. I would like to ask one question. 

We have read in the newspapers that Thor and Jupiter missiles 
have been made available to our NATO allies. Have similar arrange. 
ments been made or proposed for naval missiles ? 

Admiral Masterson. The Sidewinder is used by several foreign 
countries now. 

Mr. Anruso. You have already given it? 

Admiral Masterson. Yes; in addition to the Chinese Nationalists, 
as you know. 

Mr. Anruso. NATO countries? 

Admiral Masterson. Yes. They are arranging to get Sidewinder 
missiles. 

* * * * * 

Mr. Anruso. I want to thank you and the witnesses who have a 
peared before you for the tremendous progress we feel the Navy is 
making. We wish you all success. 

Admiral Masterson. Thank you. 

Mr. Anruso. Now, I understand that a new ASW research center 
is being established in La Spezia, Italy. 

What facilities will be installed there? Who will be the scientific 
director and how soon will the center be in operation ? 

Admiral Yracer. It was commissioned in May, and Admiral Rike 
conceived this idea. 

It is a laboratory under the direct control of SACLANT, and the 
idea there is to get the best scientific brains we can get in ASW from 
the members of NATO and our friends in the European countries. 

All NATO countries are not members at the present time. Those 
that are, I have a list, if you would like them—Canada, France, Ger- 
many, Italy, Netherlands, Denmark, Norway, United Kingdom, and, 
of course, the United States. The United States, right at the moment, 
has guaranteed to fund it for the first 2 years. Then it will be pro- 
vided out of NATO funds. This money is coming from the mutual 
weapons defense programs. 

Mr. Anruso. I see. 
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nteep | Thank you very much. 
Civil Now, whom do we have for this afternoon ? 


crises | Mr. Beresrorp. Admiral Coates will be here at 2 o’clock this after- 


ult to | noon. 
‘ming | Mr. AnFuso. We will continue this afternoon. 
Thank you very much. 


, that | (Whereupon, at 12 o’clock noon, the subcommittee recessed, to re- 
chead | convene at 2 p.m. of the same day.) 
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AFTERNOON SESSION 


Mr. Dappario. Admiral Coates, I want to welcome you to the com. 
mittee hearing. { 
We can proceed immediately with the testimony. t 


STATEMENT OF REAR ADM. L. D. COATES, U.S. NAVY, ASSISTAyY 
CHIEF, BUREAU OF AERONAUTICS FOR RESEARCH AND DEVyy. | } 
OPMENT 


Admiral Coates. I would like to discuss our development program 
in naval aviation in air weapons systems of the five basic mission 
areas, antisubmarine, air attack, air defense, amphibious operations | , 
and support. 

Antisubmarine aircraft serve primarily as platforms for carryi 
the equipment to search for, detect, localize, classify, and attack sub. 
marines. 

Present capabilities are limited by equipments and techniques mor 
than by airframe performance or characteristics, and the area for 
greatest improvement is in component systems. 

When new equipments are developed, they are usually incorporated 
in fleet aircraft through backfit programs. For this reason, the 
modernization of antisubmarine aircraft is as important as the intro- 
duction of new models. 

* * * * * 


Turning now to the aircraft used in antisubmarine warfare, [ | | 
would like to discuss the carrier-based systems first. 

The HSS2 Sikorsky helicopter shown here, gross weight about 
16,000 pounds, and powered by two gas turbine engines, is equipped 
with all-weather instrumentation, ample power for towing or dipping 
sonar gear * * *, 

* * * * * 


The first flight of this machine was on March 11 this year. 

Fleet delivery is expected in 1960. 

The Grumann S2F3 carrier-based airplane is the latest version of the | 
S2F series. It is a larger machine, 26,000 pounds; * * *. 

It is now flying and scheduled for fleet delivery in 1960. ( 


* * * * * * 


A noncarrier based system, the new one now under development, 
is the Lockheed P3V1, an adaptation of the commercial Electra. 

This is a large machine, as the Electra is, powered by four T-56 | | 
erg a engines, very high speed, capable of 378 knots at 10,00 
eet. 

This gives it, of course, a means of getting out to a contact quickly. | 
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It is equipped with the full range of antisubmarine equipment and 
excellent navigation and display systems for the pilot. 


In attack aircraft systems we have now operational, and for some 
time, the A4D2. The latest version of this looks exactly the same but 
has some additional equipment. 

* * * * 


The latest version of this machine, the A4D2N, is now flying, has 
heen through its Navy preliminary evaluation, Fleet deliveries are 
gheduled for next month. 

A heavy attack airplane now under development is shown here, the 


North American A3J1. 
You may have read that the second of these machines crashed a 
few days ago. 
* * * * * 
It is powered by two General Electric J—79 turbojets, and it carries 
acrew of two. 
* * * * 


The first flight was in August of last year. 

The machine has already flown mach 2, and its development is com- 
ing along quite well in spite of the unfortunate crash which was due 
toan electrical fire in its equipment bay. 

Mr. Fuuron. A what? 

Admiral Coates. An electrical fire in its electronic bay. 


* * * * * * * 
Also in the attack category, the P6M, shown here in flight. 
* * * * * * 


There are on order six developmental models and eight production 
models, 

The first production airplane has flown, * * *. 

In air defense—and this is where our fighters come in—our new 
fighter is the McDonnell F4H-1, an all-weather fighter, * * *. 


* * * * 


Gross weight is about 46,000 pounds; powered by two General Elec- 
trie J-79 turbojets * * *. 
* * * * * * * 


It carries a crew of two and a very powerful radar. It is scheduled 
for fleet introduction in late 1960. 

In air defense also an early-warning carrier-based airplane by 
Grumman, the WF2, a 26,000-pound machine, adapted from our 
antisubmarine airplane, the S2F. 

This is a comparatively slow machine, * * *. It carries a very 
powerful radar and, as you can see, a tremendous antenna housed in 
that bulging dome on top. It has quite adequate time on station * * *. 

* * * * * * * 

Mr. Dapparto. Admiral, could I interrupt ? 

We have just got word that we will have to go. 


Are there arrangements to continue these hearings for the balance 
of the week ? 
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Mr. BeresForp. This is the last one. 

Mr. Dapparto. How much more do you have? 
Admiral Coates. I am about half-way through. 
Should I continue for the record ? 

Mr. Futron. I have been briefed on this several times. 


Mr. Dapparro. Rather than continue for the record here, if you 


could just cee the balance of it. 
Admiral Coates. I have it right here, and I can just turn it over, 


Mr. Dapparto. If you would give it to the stenographer, we will hayg ° 


it included in the record. 

I am sorry to break off, but we do have to get back. 

Admiral Coarrs. I understand, sir. 

Mr. Dapparro. We did have some questions, but we can perhaps get 
them to you and you can answer them at a later date. 

Admiral Masterson. We will furnish the answers to any questions 
that you have for the record. 


Mr. Fuuron. Could we thank the admiral for his appearance ang 


his good statement. 
r. Dapparto. We certainly do thank you, Admiral. 
Your statement to this point has been an excellent one and hag 
been illuminating to me. 
I am very sorry that I will not have a chance to listen to you but] 
certainly will read the balance of it and I am sure the rest of the 
committee will, too. 


Admiral Coates. Thank you, sir. This is the ZPG-3W, lighter- 


than-air airship, under development now. Weight 93,500 pounds: 
two R-1820 reciprocating engines. Armament, none. Features; 


Crew, 21. Refuel at sea. 
* 


* * * * 


In the mission area of amphibious operations, we have now under 
procurement, the GV-1 in-flight refueler. 
! This aircraft is an adaptation of the C—130 transport to provide 
in-flight refueling of Marine Corps aircraft and transportation of 
troops and equipment from staging areas to relatively unimproved 
runways in combat zones in support of the Marine Corps assault 
misslon., 

Weight, 135,000 pounds; speed, 288 knots at 25,700 feet. 


Engines: Four Allison T-56 turboprops. 
4 * * * * * * 


A utility helicopter under development is the HU2K-1. 

Weight, 7,400 pounds; speed, 145 knots at sea level; radius, 198 
nautical miles at 130 knots; engines, 1T-58 gas turbine. 

Special features: Hoist capacity, 800 pounds. 


Fleet deliveries, 1961. Will replace the HUP-2 for airplane guard | 


and general utility work. 

Also under development is the T2J—1 basic trainer. Weight 9,507 
pounds. Speed, 448 knots at 10,000 feet. Cycle time, 2.5 hours with 
Tip tanks. 

Ps 1J-34 turbojet, 3,400 pound thrust. Estimated service use, 
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Under evaluation now is the TT1 primary trainer. Weight, 4,364 
unds; speed, 294 knots at 15,000 feet; engine, one J69 turbojet, 920 
unds thrust; cycle time, 1.1 hours. Of these aircraft 14 have been 
rocured to evaluate the use of jets for primary training. 

Catapult and arresting systems: Studies in expeditionary catapult 
and arresting mechanisms have advanced into hardware for testing 
and experimentation. 

There is an interesting development in the arresting gear of the 
expeditionary type. This gear has completed testing with 129 suc- 
cessful arrests of Navy airplanes. As you can see, the water squeezer 

rinciple uses a shuttle which is pulled through a tapered column of 
water to absorb the energy of the landing aircraft. This is the first 
such advanced base arresting gear design that can be dismantled and 
transported in helicopters or transports. ae 

It will handle aircraft of ten to thirty thousand pounds coming in 
at 150 knots. 

It is already in use at some fields and will eventually replace the 
anchor-chain-type field gear. 

C-14shipboard catapult: This catapult which consists basically of a 
standard steam catapult launching unit powered by combustion prod- 
ucts from an internal combustion power lant, is being developed for 
installation on the first nuclear-powered aircraft carrier, the U.S.S. 
Enterprise which is scheduled for commissioning in September 1961. 

Here is a diagram of the shipboard installation showing the major 
parts of the system. The air compressor which compresses air into 
an accumulator at a pressure of 1,500 pounds per square inch, the 
pumping package to sie J.P.—5—fuel and water under pressure to 
the combustion chamber—shown in this slide. 

Air and fuel are valved into the combustor from the pressurized 
accumulators. This mixture is ignited when the appropriate pressure 
isreached. Water is then injected to cool the gases in order to pre- 
vent overheating of the catapult tubes. d : 

The gases, which now include steam, pass into the catapult tubes 
and push the piston, and aircraft, forward. This yt ore is the most 
powerful and the most efficient from the standpoint of aircraft loads 
versus end speed ever developed by the Navy. 


* * * * * * * 


The first aircraft launches were made on May 26. 

MK-7 model-2 arresting gear: This arresting gear is under de- 
velopment * * *. The increased energy absorption capability will 
= for safer landings by lowering the deceleration forces on the 
aircraft. 

The first shipboard installation is on the U.S.S. Zndependence. 
This arresting equipment is scheduled for installation in all subse- 


quent Forrestal class carriers. 


Navy MK-~4 lightweight fuel pressure suit. Physiologically, man’s 
survival time at altitudes in excess of 50,000 feet is about 15 seconds 
unless he is protected by a pressurized suit or cabin. 

Pressurized suits are being used in high altitudes aircraft to give 


the air crewmen protection in event of flameout, ejection, or loss of 
cockpit pressure. 
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The MK~+4 lightweight suit assembly consists of underwear, a 
anti-G. suit when required, a torso, helmet, gloves, boots, parachut 
harness, and flotation garment. , 

The assembly is lightweight, mobile, and comfortable and weigh 
25 pounds. It furnishes not only altitude protection, but also safety 
from windblast at high G. ejections, antiexposure protection, ¢ 
protection, and survival protection. It is especially good for Artic 
survival. 

A fighter squadron equipped with the MK-4 suit has been aboard 
the U.S.S. Ranger since December 1958. Ten additional squadrons 
are being outfitted now. In addition contractor test pilots and 
USAF pilots are flying the MK~ suit in test work or evaluation 
NASA’s testing the suit, slightly modified for Project Mercury, 

Navy and NASA plan a joint space suit development utilizing 
Navy’s 10 years of experience and facilities. 

Conclusion: In the time available I have had to omit the detail and 
most of the reasoning behind our new developments and to say almost 
nothing of the — extensive work in development of new components 
and ame which actually accounts for the majority of our R, é 
D. dollars. 

(Whereupon, at 2:44 p.m., the subcommittee adjourned.) 
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pASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH IN 
THE DEPARTMENT OF DEFENSE 


THURSDAY, JUNE 11, 1959 


Hovse or REPRESENTATIVES, 
CoMMITTEE ON SCIENCE AND ASTRONAUTICS, 
Suscommirree No. 4, 
Washington, D.C. 


The subcommittee met at 10 a.m., Hon. B. F. Sisk (chairman of 
the subcommittee) presiding. F 

Mr. Sisk. The Subcommittee on Space Problems and Life Sciences 
will come to order. 

We have with us this morning, from the U.S. Air Force, Assistant 
Secretary Joseph V. Charyk, and also Deputy Chief of Staff for 
Development, General Wilson. 

Now, it is the desire of the committee to determine the philosophy 
back of the basic research portion of the Air Force, its scope, and the 
manner in which it is handled, the management, and so on. 

We should be able to develop, or at least we hope to be able to 
develop, generally that portion of your R. & D. program that would 
fall under the jurisdiction of this committee. Je certainly do not 
sek to step on the toes of any other committee of the Congress, 
realizing, of course, that generally the Armed Forces fall under 
other committees of the House. But in view of our understanding 
of the resolution which set up the Committee on Science and Astro- 
nautics, we do have certain jurisdiction with reference to research, 
basic science, and so on. It is with that thought in mind that we 
night be able in these 2 days to draw as concise a picture as we can 
of your program. With that, Mr. Secretary, we will be very happy 
tohave your statement. 

Secretary Cuaryk. Mr. Chairman, both General Wilson and I 
have a prepared statement and, with your approval, I would like 
to suggest that I proceed with my statement, to be followed by 
General Wilson’s statement, at the conclusion of which we will be 
happy to respond to any questions that the committee may have. 

r. Sisk. Without objection, that will be the procedure, and it is 
ordered. 

Ithink that is excellent that both of you give your statements to the 
tommittee, and then we will have a question period. You just go 
tight ahead, then, and proceed, Mr. Secretary, as you see fit. 
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STATEMENT OF HON. JOSEPH V. CHARYK, ASSISTANT SECRETARy 
OF THE AIR FORCE (RESEARCH AND DEVELOPMENT) 


Secretary Cuaryx. Thank you, Mr, Chairman. 
Mr. Chairman and members of the subcommittee, it is a pleasun 


development in the U.S. Air Force. 


cal advances of the day is one that cannot be effectively met unleg 
there is understanding and help from all parts of government. Syc) 
an opportunity to explain what we are undertaking and how we ay 
organized to initiate and manage the research and development prp. 
gram is welcome. 

In order to create a common understanding from which to start ou 


in an explanation of the philosophy and history of the research and 
development organization. 

Research and development has not always been the large, well. 
organized effort that we have today. In the early 1920’s the major 


old McCook Field at Dayton, Ohio. The “inventions” and develop. 
ments were made, for the most part, “in house” with industry acting 
as a fabricator of the developed item. 

As our technology advanced, it became increasingly apparent that 
all of the technical capability of our Nation must ‘& enlisted. In 
consequence, more and more contracts with industry were negotiated, 
through which industry became more predominate in the development 
role. The great potential of the universities was also recognized and 
it was increasingly utilized in accomplishing the research and develop- 
ment program. 

As a result, today, we have an organization for research and de- 
velopment that is an Air Force-industry-educational institution team, 
each performing its role as part of the integrated effort. We now rely 
heavily on industry and the educational institutions for the actual 
technical achievement and provide the direction and management 
from within the Air Force. 

The research and development organization for many years existed 


ordinate to procurement requirements. 

In 1949, General Vandenberg commissioned a group, headed by the 
late Dr. Louis A. Ridenour, to examine the research and development 
organization and procedures to determine what changes would be 
necessary to make it function more effectively. The resulting report 
made several recommendations. The most important was that re 


supervision of the materiel agencies and be established as a separate 
organization to place the proper emphasis on research and 
development. 

In January 1950, it was directed that the Air Research and Devel 
opment Command be established to perform all research and develo 


for me to appear before this subcommittee to discuss research and 


The responsibility of the Air Force to maintain a research and | 
development organization that can capitalize on the great technologi. : 


part of the effort was accomplished in a few small buildings at the | 


discussion, it may be highly profitable if I spend the next few minutes | 


— 


as a division of the Materiel Command and in many aspects was sub- | 


search and development be moved from under the management and / 


ment for the entire Air Force. At approximately the same time, the | 
Office of Chief Scientist of the U.S. Air Force, reporting directly to ; 
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the Chief of Staff, was established, and Dr. Ridenour became the first 
Chief Scientist. I have been until recently the seventh occupant of 

t. 
th establishment of the Deputy Chief of Staff for Development 
was directed at the same time to give research and development staff 
representation and direction at headquarters USAF level. It was 
not until March 1955 that the Office of Assistant Secretary for Re- 
search and Development was officially designated. Direction of re- 
search and development at secretarial level prior to that time was 
yested in the special assistant for research and development. 

Now, let fne talk more specifically about our present organization. 

The actual technical management of research and development is 
accomplished at the command level. The great bulk of it is done 
by the Air Research and Development Command with the Air Uni- 
versity and the Alaskan Air Command contributing in the areas of 
aviation medicine and cold weather testing respectively. 

It is within the ARDC that we have our laboratories and test fa- 
cilities staffed to give direction to industry and to test and evaluate 
many of the items being developed for the Air Force. It is at com- 
mand level also that the weapon systems project offices, joint 
ARDC-AMC teams, have been established to give unified direction 
to the development of our major weapon systems. The commands 

rform all the administrative actions incident to the actual per- 
ormance and execution of the research and development program. 

While the detailed technical direction and management of research 
and development is a responsibility at the command level, the broad 
direction of the total program is vested in the organization for re- 
search and development at headquarters level in the Pentagon. This 
latter direction comprises the formulation of overall policies, the 
statement of broad Air Force objectives and the specific requirements 
which form the basis for major weapon system devs ments, and a 
general definition of the technical fields which should receive 
attention. 

There are three specific groups established to furnish this guidance. 
The largest is the Office of the Deputy Chief of Staff for ere 
ment. This group, organized along functional lines, is primarily 
responsible for providing the command with the guidance needed to 
formulate and execute the program. The Deputy Chief of Staff 
for Development obtains approval of the research and development 

rogram by defending it before the various review agencies, after 
msuring that the program is in consonance with the overall objec- 
tives of the Air Force both from a requirements and a fiscal stand- 
point. 

Another headquarters agency influencing research and develop- 
ment is the Scientific Advisory Board. This group, composed of 
men eminently qualified in the technical fields related to Air Force 
interests, acts as an advisory group to the Chief of Staff and pro- 
vides broad technical guidance to aid the Deputy Chief of Staff for 
Development in defining the technical areas which should be more 
actively pursued. 

Lastly, my office provides general policy direction to the Air Force 
from the secretarial level on matters pertaining to research and de- 
velopment. Additionally, it performs the important function of 
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providing liaison with OSD, NASA, the Congress, and the othe 
agencies having an influence on research and development. Qy 
working relations with the Director, Defense Research and Engineer. 
ing and his office are very close, since my office provides the officia] 
channel for action between his office and the Air Force research anq 
development staff. As you know, the Air Force research and deyel. 
opment program is subject to technical review by the Director, De. 
fense Research and Engineering for the purpose of eliminatj 


Department of Defense, as a whole, has a sound and balanced researe) 
and development program. Members of my staff and “that of the 
DCS/Development serve on technical committees and working groups 
established by the Director, Defense Research and Engineering fo 
the purpose of exchanging information and evaluating the research 
and development program. 

I should also mention a very important outside organization, the 
Rand Corp., which is largely supported by the Air Force. Rand 
engages in broad studies covering the entire spectrum of Air Forge 
interest in general war, limited war, geopolitics, research and clevelop- 
ment, logistics, and Air Force management. The Rand studies have 
provided invaluable assistance to the research and development pro- 
gram. They have pointed out new and promising directions for 
research and development efforts and have made recommendations 
in respect. to our research and development management practices, 

The Air Force research and development organization has an out- 
standing capability of broad scope. There are nine major installa- 
tions, such as the Wright Air Development Center and the Air Force 
Missile Test Center, where the weapon system development and test- 
ing takes place. In addition to the centers, there is the very impor- 
tant Office of Scientific Research, which handles the bulk of our con- 
tracting for basic research. Another organization worthy of mention 
is the Armed Services Technical Information Agency. This organi- 
zation performs the valuable function of collecting and disseminating 
the technical reports which result from the research and development 
programs of the DOD. ASTTIA is operated for the benefit of the en- 
tire Defense Department, with the Air Force responsible for its opera- 
tion as executive agent. This research and development complex is 
staffed with some 54,000 people. Of these, 44,000 are Air Force per- 
sonnel, approximately equally divided between military and civilian, 
and 10,000 are contractor personnel such as those hired by Pan Ameri 
can to operate the Atlantic Missile Test Range. These installations 
are equipped with all kinds of equipment from rocket engine test 
stands capable of testing rocket engines with a million pounds of 
thrust, to radars for detecting and tracking satellites. The equip- 
ments and facilities represent a capital investment in the billions of 
dollars. 

These people, facilities and equipments are used to pursue a re 
search and development program that amounts to almost $3 billion 
each year. In fiscal year 1960, $2.7 billion for research and develop- 
ment in all appropriations is being asked of the Congress. Slightly 
over $2 billion of this amount will be used in the development of our 
major weapon systems such as the ballistic missiles, the B-70, and 
the F-108, that are to go into the operating inventory. $355 million 
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; sed to pay for the operation and maintenance of the facilities 
The $360 million will be. used to ad- 
vance the state of the art through work in basic and applied research. 

Just a word about this last area: 

While the dollar amounts spent on research are small compared to 
the amounts spent on development of hardware, this comparison can- 
not be taken as a measure of their importance. ‘The research program 
is the source of our new knowledge from which we can build our next 

neration of weapon systems. This area is extremely broad in scope 
covering all the aspects of aero-space technology. ‘There are some 400 

rojects and 6,000 contracts, ranging from a few thousand dollars to 
several million dollars each. Because of the great variety of work 
done, it is difficult to become acquainted in detail with this program. 
However, because of its importance, it must be given the same careful 
attention that is given to the more conspicuous hardware develop- 

ent program. ; 
nthe Air Force is participating in the space program. The Air Re- 
search and Development Command this year is acting as the develop- 
ment agent for the Advanced Research Projects Agency on projects 
that total more than $270 million. We are doing the development 
work on the Sentry, Discoverer, and Midas programs. We are par- 
ticipating in the space track program and are conducting research 
into various space problems as an agent for ARPA. In addition to 
the large effort being conducted for ARPA, the Air Force is partici- 
pating with the National Aeronautics and Space Administration in 
several important areas. The responsibility for the development of 
very large thrust rocket engines has been transferred to the NASA. 
However, the Air Force is continuing to act for NASA in this and 
other related areas as the development agent. 

Our programs are not only responsive to the needs of the Air Force 
but wherever there are other governmental agencies that have related 
responsibilities, our efforts are coordinated with theirs. With the 
establishment of the Federal Aviation Agency and its predecessor, the 
Airways Modernization Board, programs formerly being developed 
by the Air Force were transferred to those agencies. Work in the 
areas of air traffic control and weather observation and dissemination 
are examples. Now we are pursuing a joint program, with the Air 
Force doing only that portion which is peculiar to the military role. 

Close coordination is also being maintained with the National 
Science Foundation in the basic research area. 

Of long standing and of very great importance are the joint projects 
we have undertaken with the Atomic Energy Commission in the de- 
velopment of aircraft nuclear powerplants, nuclear rockets, and other 
nuclear devices. We have also participated with the Atomic Energy 
Commission and the other services in the nuclear weapons testing 

rogram. 

i The current Air Force role of working with ARPA, NASA, and the 
AEC on very advanced developments directly results from the re- 
search and development leadership exercised by the Air Force prior 
to the advent of sputnik, Midas, Sentry, Rover, Pluto, and high 
energy liquid and solid propellants, for example, are all projects 
originally initiated and pursued actively by the Air Force. In work- 
ing with NASA, of course, the Air Force is able to draw upon its long 
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standing history of close cooperation and working relations with 
old NACA in the development of such joint projects as the X1, Xy, | 
and X15 aircraft. 

The Air Force also has oversea interests in research and develo 
ment. We participate with the other services in the mutual weapons 
development program, which was established in 1953 as an element of 
the military assistance program. Its pu is to strengthen NAT 
defenses by participating in a mutual military research and develop. 
ment program. The Air Force has executive responsibility for moj. 
toring mutual weapons development program research and devel 
ment projects of Air Force interest in the NATO countries. We ay 
also executive agent for the SHAPE Air Defense Technical Cente 
in The Hague, which was established to provide technical advice. ang 
guidance to SHAPE on air defense problems. 

The Air Force is likewise executive agent for the Technical Cente 
for Experimental Aerodynamics in Belgium, which was established 
for the purpose of assisting NATO countries in training students jp 
advanced areodynamics. The European office, ARDC, at Brussels jg 
not part of the mutual weapons development program, but is an Air 
Force office established for the express purpose of tapping mphekin 

| 


basic research capabilities to assist the Air Force in accomplishi 
its own basic research objectives. 

In summary, let me say that the Air Force research and devel 
ment organization has developed to the stage where it is capable of 
performing its mission in an effective and efficient fashion. There will 
continue to be adjustments within the organization, but the basic con- 
cept of separating research and development from other Air Fore 
agencies and the resulting general organization is sound. We have 
developed effective working relationships with industry and the educa. 
tional institutions, making available the best scientific and technical 
minds of the Nation to help us with our program. The internal Air 
Force organization is staffed and equipped to perform its mission effee- 
tively. . programs are coordinated with other Government agen- 


cies to avoid harmful duplication. Lastly, we have a forward-looking, | 


aggressive program that will enable us to exploit the ever-changing 
technology necessary to achieve our objectives in the field of aerospace 
developments. 

Mr. Chairman, that completes my prepared statement. 

Mr. Sisk. Mr. Secretary, I want to compliment you on what I con- 
sider to be an outstanding statement. This is the best statement I 
have ever heard actually outlining the scope and drawing rather 
definite lines as to what the Air Force’s responsibility is in this field. 

Secretary Cuaryk. You are very kind, Mr. Chairman. 

Mr. Sisk. General Wilson, we will be very happy to have your 
statement. 

I say to my colleague, Mr. McDonough, who came in after you 
started your statement, Mr. Secretary, that it was agreed to have 
both gentlemen give their statements, and then be open to questions. 

So, General Wilson, we are very happy to have you also this mom: 
ing. So if you will proceed with your statement, we will be happy 
to hear it. 

General Witson. Thank you, Mr. Chairman. 
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STATEMENT OF LT. GEN. ROSCOE C. WILSON, DEPUTY CHIEF OF 
STAFF, DEVELOPMENT HEADQUARTERS, U.S. AIR FORCE 


General Wirson. Mr. Chairman and members of the committee, it 
sq pleasure to appear before this committee as a representative of 
Air Force research and development. ; 

Collectively, our Nation has made considerable progress over the 

ast year in science and technology, the development of new weapon 
y stems, and the beginnings of the conquest of space. The Air Force 
D atributed a significant portion of the total effort expended. 

However, we should not let our achievements lull us into a state of 
complacency. Much remains to be done. In fact, much always will 
remain to be done er, because of the ever-changing and dynamic 
nature of research and development. Continued emphasis must be 

Jaced on research and development if the free world is to win out 
inthe struggle for technical superiority. : 

This opportunity to discuss research and development is appre- 
ciated for several reasons. First, we believe these hearings will as- 
sure you that the Air Force research and development program is 
well rounded and forward looking, that the research and development 


“plant” is modern and capable, and that a high degree of competence 


exists both in our managerial and technical people. Secondly, we 


» always welcome these reviews because the constructive criticism re- 


ceived frequently leads toward more efficient ways and means of doing 

job. 

. Charyk has given you an overall picture of Air Force 
research and development as a background for our subsequent dis- 
cussions. I do not propose to amplify on the many areas he men- 
tioned. However, before we re to cope with your queries, I 
would like to cover a few matters that may be of interest. For the 
most part, my remarks will be confined to the Headquarters, Air 
Force, level, since General Schriever, the ARDC commander, will 
meet with you tomorrow. 

First, let me tell you something of the responsibilities and func- 
tions of the Office of the Deputy Chief of Staff for Development in 
Headquarters, USAF. I and my people are responsible to the Chief 
of Staff for the planning, direction, and control of the Air Force 
research and development program. We further serve as a staff for 
Secretary Charyk, thus permitting him to operate with an office of 

modest size. 

In the fulfillment of our responsibilities, some of the functions 
performed are as follows: 

(a) The establishment of overall objectives, policies, and guidance 
forthe Air Force research and development effort ; 

(6) Air staff monitorship and direction of the Air Research and 
Development Command in all matters pertaining to the mission 
activities of that command; 

(c) The establishment and maintenance of appropriate working 
relationships with other research and development agencies of the 
United States and friendly nations to exploit our mutual scientific 


and technical competence in the improvement of our respective 
Services ; 
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(d) The determination of resources requirements and assuranee of 
the availability and timely allocation of moneys, facilities, personne] 
and authorities to the appropriate operating agency; and ; 

(e) The continued maintenance of a balanced research and develop. 
ment program that is responsive both to the near term needs of the 
operational forces and the acquisition of new knowledge and tech. 
niques required for future weapons. 

In the interest of brevity, I will not go into the organization of m 
own or of Secretary Charyk’s office. However, we have charts of these 
available; they can be discussed later or submitted for the record, if 
the committee so desires. . 

Mr. Sisk. I think, General Wilson, we possibly will want those jn 
the record. I already have in mind a question that I want to ask 
regarding a breakdown or some kind of chart which would give ys 
a little clearer picture. In fact, without objection, at this time they 
will become a part of the record at the conclusion of the testimony, 

General Witson. Very well, sir. 

An area of interest to the committee concerns the management 
“tools” we use in Headquarters, USAF. One particularly useful 
device is the manner in which we categorize all research and develop- 
ment effort. We call this the management program structure, 

The management program structure contains four major program 
areas. It is portrayed on your chart No. 1, which was submitted to 
the committee. 

Mr. S1sx. Let me ask; do we have those charts before us now? 

General Wixson. Yes, sir. 

Mr. Sisk. Very well, proceed, General Wilson. 

General Wison. The major areas are command operations, the 
research program, advanced development, and _ operational 
development. 

In the broadest sense, this program structure can only be discussed 
in terms of dollar resources since that is the sole common denominator 
for its many unlike functions and activities. 

The first area, command operations, contains the dollar resources 
for the pay of civilian personnel, contractor-operated installations, 
the purchase of expendable supplies and nonstandard equipment, 
rents, fuels, utilities, travel—in other words, the operations and main- | 
tenance funds for the research and development agencies. In fiscal | 
year 1960, the Air Force budget estimate requests $355 million for 
these functions. | 

The research program area contains the dollar resources for the 
several thousand basic and applied research contracts that the Air 
Force has with industry, scientific, and educational institutions. Our 
fiscal year 1960 budget estimate includes $35 million for basic research 
and $270 million for applied research. 

The advanced development program area contains the dollar re- 
sources for those very advanced systems, subsystems, and components 
that are being developed against anticipated future operational needs. 
Examples are the Dynasoar airspace vehicle and Project Pluto, the 
nuclear ramjet being developed in conjunction with the AEC. Also 
included in this area are the development contracts for test instru- 
mentation, and contracts with development support agencies, such as 
the Lincoln Laboratories, and the Mitre and Rand Corps. Our 
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pudget estimate for fiscal year 1960 includes $22 million for the 
advanced development program area. 

Operational development, the last major program area, contains the 
dollar resources that finance the contracts with industry for systems 
and equipment being developed for the operational forces. It is 
further subdivided into strategic, air defense, and tactical weapon 

stems, support systems, and operational support items. Atlas is 
an example of a weapon system development. An example of a sup- 

rt system is the Air Force communications system. Examples of 
operational support items are training devices, flying clothing, oxygen 
masks, auxiliary ground power sources, and the like. 

The operational development program area is financed with both 
research and development and procurement funds. The other three 
areas are funded solely with research and development dollars. In 
fiscal year 1960, funds requested for the operational development pro- 

am area include $278 million research and development funds and 
1,563 million procurement and production dollars. 

Categorizing all research and development in this manner enhances 
the application of what I hke to consider as corporate judgment in 
the Air Force. This corporate judgment is provided by the various 
Air Staff boards who assist the Air Force Council and the Chief of 
Staff in arriving at the best possible solutions to problems. These 
boards use the management program structure as follows: 

The weapons board, being principally concerned with the current 
and near-term operational forces, continually reviews the items in the 
operational development program and portions of the advanced de- 
velopment program areas. The force estimates board, on the other 
hand, being concerned with future threats and the means by which 
we must counter them, is vitally interested in the advanced develop- 
ment program area and the most promising products of the applied 
research program. The budget advisory board, who considers the 
overall Air Force budget program, reviews in detail the command 
operations area to insure that operation and maintenance activities 
of the research and development agencies are in consonance with 
those of other Air Force units. 

The Air Force Council, which is made up of all the Deputy Chiefs 
of Staff, considers the findings of all of these boards and makes final 
recommendation to the Chief of Staff. 

Thus the grouping of research and development «ctivities in these 
functional areas assists us considerably in achieving a proper state 
of balance, both within the research and development program and in 
respect to the total Air Force program. Using only dollars as a 
measuring yardstick, it is obvious what proportion of total resources 
are being expended to operate the research and development facilities 
and perform inhouse functions; to acquire new fundamental knowl- 
edge and techniques; to develop advanced systems for the future; and 
to develop systems and equipment to meet the near-term needs of the 
operational forces. 

Of the total fiscal year 1960 research and development and procure- 
ment and production moneys that I have indicated finance these four 
program areas, approximately 13 percent will be used to operate and 
maintain the research and development plant and perform inhouse 
functions; 11 percent will go toward basic and applied research; 8 
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percent will be utilized for advanced development; and 68 percent 
will finance the development of weapon systems and equipment for 
the operational forces. 

Another subject of interest is the requirements process associated 
with the Air Force research and development program. Again |e 
me refer to our management program structure depicted On your 


chart No. 1. Because the requirements are gerenn In a somewhat 
y- 


different way, I will treat each area separate 

First, command operations: Here, requirements for manpower, con. 
tractor assistance, supplies, equipment, rents, utilities, maintenance, 
and the like, largely are generated by the Air Research and Develop. 
ment Command. leny of the requirements for the purchase of sup. 

lies and equipment—for example, a test sled at the Air Force Missile 
velopment Center at Holloman Air Force Base—are the direct re. 
sult of weapon system developments. In the example cited,. the tegt 
sled will be used to evaluate guidance components of the Minuteman 
missile on the high-speed track. 

The specific dollar amounts needed are developed in close coordi- 
nation with my office. The final dollar amounts allocated for this 
function are kept at an absolute minimum, since every dollar spent 
here is one less that can be applied to the other program areas. 

Next in the research program area, requirements again are gener- 
ated largely by ARDC, based upon guidance received from the Di- 
rector oF Segearoh and Engineering and my office, long-range Air 
Force yen and ARDC’s firsthand knowledge of current and future 
state of the art deficiencies in science and technology. A few specific 
projects are directed from Headquarters, USAF, but the large ma- 
jority are the product of ARDC. 

Next, in the advanced development area, requirements are generated 
from a wide variety of inputs. An advanced system may be devel- 
oped to fulfill a long-range future operational need set forth by Air 

orce planning agencies. Another may be under development be- 
cause—although the operational need is immediate—the state of sci- 
ence and technology are not advanced sufficiently to permit initiation 
of a complete weapon system. Still another may be under develop- 
ment because some avenue of technology offers promise of greatly in- 
creased operational capability but must be further explored and ex- 
ploited prior to initiation of a full-scale weapon system. 

Let me point out two significant differences between an advanced 
system mt a weapon system development. 

First, an advanced system is only built in small] test quantities and 
no industrial preparations are made for production for the inventory. 

Second, an advanced system does not have all of the subsystems, 
for example, a fire-control system, and components required of a com- 
plete weapon system. Thus, we need only concentrate on those aspects 
where technology must be advanced and feasibility demonstrated. 

The formal requirements for advanced development are verified by 
my office. However, as pointed out, the source of the requirement fre- 
quently is a future need foreseen by the operational agencies in their 
long-range panning. 

Also, in the advanced development program area, requirements for 
the development of test instrumentation—for example, means of gath- 
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ering data from missiles launched on the Atlantic Missile Range—are 
generated by ARDC and verified by my office. 

In the fourth and last program area—operational development— 
the requirements for all weapon systems, support systems, and —_ 
tional support items are generated by the —— agencies. They 
are widely coordinated renee act the Air Force prior to publication. 
In that process, each is verified by the development people as within 
the current state of technology. Also, each requirement is verified 

the material agencies as to producibility. When finally approved, 
each Weapon system and equipment then is developed on a schedule 
that specifies an sary available date. 

Let me digress a moment here and point out that development of a 
new weapon system is a last resort method of meeting an operational 
need. “When a requirement has been approved and published, every 

ible method of fulfilling it is thoroughly examined, for example: 
Sresied quantities of already developed weapons; revised deploy- 
ment of the operational forces; new techniques of weapon employ- 
ment; or modification of existing equipment, to cite a few. For exam- 
ple, the Navy-developed Sidewinder and Bullpup missiles are being 
used to fulfill Air Force requirements. Only after every other possible 
avenue has been thoroughly explored and rejected for valid reasons is 
anew operational development initiated. 

Throughout all of the processes I have described, the Air Force is 
assisted by the Scientific Advisory Board, composed of about 100 of 
the Nation’s leading scientists, by the chief scientist of the Air Force, 
and by counsel and guidance from the Director of Research and Engi- 
neering of the DOD. 

Last, let me touch briefly upon funding trends over the past few 

rs. Iam referring now tochart No.2 that you have. Thereon are 
depicted the actual funds that were available for research, develop- 
ment, test, and evaluation for fiscal years 1958 and 1959, and those that 
we have requested the Congress make available for fiscal year 1960. 

Each column contains both the research, development, test, and 
evaluation appropriated amounts and the procurement and production 
funds identified as development support. The columns for fiscal 
years 1958 and 1959 have been adjusted to correspond to the new ap- 
propriation structure used in fiscal year 1960, thus permitting direct 
comparison between years. 

In fiscal year 1958, the total of $2,508 million was made up of $1,083 
million research, development, test, and evaluation and $1,425 million 

rocurement-production funds; in fiscal year 1959, the tota] includes 
S47 million research, development, test and evaluation and $1,634 
million procurement and production funds; and in fiscal year 1960, the 
requested amounts include $1,160 million research and development 
and $1,563 million procurement and production funds. 

Iunderstand that Dr. York, in his testimony, mentioned a fiscal year 
1960 total Department of Defense research and development program 
parang $5.6 billion. The total you see here represents the Air 

orce portion of that amount. 

_As shown, the fund total for research and development are rela- 
tively stable for the 3-year span of fiscal years 1958, 1959, and 1960. 
However, if you take certain other factors into consideration, there 
actually were increased dollar resources available for Air Force re- 
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search and development in fiscal year 1959, and again in fiscal year 

1960. Here I am referring specifically to the creation of the Ad- 

vanced Research Projects Agency and the Nationa] Aeronauties and 

opens Administration and the funds made available to them by the 
ongress. 

Both the ARPA and the NASA financed efforts in fiscal year 1959— 
and will do so again in fiscal year 1960—that previously were included 
in Air Force research and development programs. Thus, within the 
total amounts shown, funds did not become available for projects that 
otherwise could not have been included in the Air Force program, 
For example, in fiscal year 1960 we have been able to increase the 
emphasis on applied research. 

n that context, it is proper to state that modest fund increases were 
realized in fiscal year 1959, and are planned for fiscal year 1960, over 
the total amounts available to the Air Force in fiscal year 1958, 

And on that note, it might be appropriate for me to stop so that 
ample time will be available for Dr. Charyk and me to respond to 
specific questions the committee has with regard to Air Force research 
and development. 

Mr. Chairman, that completes my prepared statement. 

(The charts referred to previously :) 


Assistant Secretary of Air Force 


DEPARTMENT OF AIR FORCE 
For Research and Development 


ASSISTANT CHIEF OF CHIEF OF STAFF SCIENTIFIC 
STAFF FOR USAF ADVISORY BOARD 
GUIDED MISSILES ] 


UNIVERSITY 
Arctic Aeromedical DEVELOPMENT COMMAND 
4 School of Aviation | 


a 
Ny 
PMENT 
DCS/ DEVELO: | 
‘ 
a 
| 


year 
Ad- 
and 
y the 


uded 
n the 
that 
ram, 
the 


were 
over 


that 
id to 
arch 


173 


BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 
_ if 4 
2 
=S 
le 
46 fs: 
af 
ag 
a2 
it 


47886—59——12 


| i 
4 
| 
: 
IY 
al 


BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 


174 


me 


= 


Iz 


~ 13083100 | SWVUSONd SNVId | SNOLLVEId0 TINNOSH3d 
L =: | 
40 43109 
J 


WIV IHL 10 LNIWLYVdId 


ae 
| 
they, 
| 
| 


aes 


BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 175 


DEPUTY CHIEF OF STAFF, DEVELOPMENT 


ASSISTANT FOR 
STANDARDIZATION 


CHART 11A 


ASSISTANT FOR 
FOREIGN 
DEVELOPMENTS 


CHART 11C 


| 
| 


ASSISTANT FOR 
DEVELOPMENT 
PROGRA MMING 


CHART 11B 


r 


DIRECTOR OF | DIRECTOR OF DIRECTOR OF 
RESEARCH & DEVELOPMENT ADVANCED 
DEVELOPMENT PLANNING TECHNOLOGY 
| CHART 11D | CHART 11E | CHART 11G 
APRIL 1959 


Mr. Sisk. Thank you, General Wilson. 

I think that, too, was an excellent statement, and it very ably sets 
forth the scope of your problems. 

I want to go back for a few moments to your statement, Mr. Sec- 
retary, just to clarify two or three things in my own mind. Then I 
shall recognize the members of the committee here for such ques- 
tions as they may wish to ask. 

Now I notice throughout your statement the reference to the fact 
that in many instances, in programs having to do with both domes- 
tic projects and programs dealing with NATO countries, overseas, you 
refer to the Air Force as the executive agent. 

I wonder if you would explain just a little bit what you mean by 
that. I think "sehr that to mean that in essence you represent 


the official position of the President, I would assume, in some of these 
things. But I wondered if you would explain that to me, because 
you used that term a number of times. 

Secretary CHaryx. Yes, in connection with programs which are 
supported under the mutual weapons development program, the re- 
search and development responsibility rests with the Office of the 
Director of Defense Research and Engineering. Certain programs 


: 
: 
j 
} 
\ 
a 
| 
‘ 


176 BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 


in the MWDP are under the jurisdiction of the Air Force. The Ajp 
Force is responsible for monitoring these programs, for insuring that 
they move in the proper direction, and so on. 

In connection with an activity such as the Training Center fo, 
Experimental Aerodynamics, this is a program which has been under 
the jurisdiction of the Air Force. The Air Force has been responsible 
for the general activation of the center, has concerned itself with prob- 
lems of its management, its development, the question of facilities fop 
the center, and has essentially fostered the development of the center 
during its formative years. 

Discussions are underway at the present time to place the center 
under an arrangement whereby it would be funded under the NATO 
formula, with the United States contributing its proportionate share 
to the support of the center. It has been completely supported by the 
United States up to the present time, with the execption of certain 
contributions from the Belgian Government. 

Mr. Sisk. Fine. I just wanted to clarify my own thinking as to 
just what way you were referring to that. 

I recall in your statement also—and I was just searching for the 
particular place here—you referred to the number of people in the 
R. & D. complex, I believe. 

It is staffed by some 54,000 people. Of these, some 40,000 were 
actually Air Force personnel and the balance were civilians. 

Now, do I understand that this represents the total personnel in 
your whole research and development program; you refer to it as the 
R. & D. complex. 

Secretary CuaryxK. That is correct. 

Mr. Sisk. That is in ARDC, and all these verious programs, as 
outlined here in chart 1; this is the total of those people ? 

Secretary Cuaryk. Yes, sir. 

Mr. Sisk. At this time I would like to recognize the gentleman from 
North Carolina, Mr. Hall, for any comments or questions that he may 
desire to ask. 

Mr. Haru. Mr. Chairman, in view of the fact that I just came in, 
I would like to pass at this time. 

Mr. Sisk. I realize that, in case you want to take a look at the 
statement. 

es the gentleman from Indiana have any questions he would like 
to ask 

Mr. Rovusu. You referred to your Air Force industry educational 
institution team. Are you referring to your program with univer- 
sities ? 

Secretary Cuaryk. Yes. 

Mr. Rovusu. Would you tell us just a little bit, not too much, about 
that program ? 

Secretary CuaryK. Most of the work that is supported at the 
universities comes under the cognizance of the Office of Scientific 
Research, which is the primary organization within the ARDC that is 
concerned with the support of basic research, primarily in educational 
institutions. 

Since the inception of the Office, there has developed a rather close- 
working relationship between the people representing the Office of 
Scientific Research and research personnel in various universities 
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throughout the country, so that on the one hand the research scientists 
in the universities have a feeling for the kinds of things in which the 
Air Force is interested, the kinds of problems that the Air Force is 
facing and, on the other hand, the Air Force is keeping close to the 
latest ideas and developments in the basic research field which might 
have significant implications in the Air Force program. ; 

Mr. Rousu. Is this-done on a contractual basis or a voluntary basis 
or just how ? 

Secretary Cuaryk. This is done primarily on a contractual basis, 
put there are other means that are also used. ; 

The Office of Scientific Research, for example, will frequently spon- 
sor symposia on a particular subject, and scientists throughout the 
country who have an interest and a capability in this area are invited 
to discuss their research accomplishments and their ideas, and out of 
these symposia arise new ideas which might take the form of proposals 
to the Office of Scientific Research for Air Force support of work 
that a particular investigator might wish to undertake. 

Frequently they will suggest to the Air Force that th€re are new 
basic research ideas that need further fostering and development in 
view of the implications that they might have. 

Mr. Rousu. Other than the symposia, is there any effort made to 
encourage the transfer of ideas reached through research within the 
universities outside of your program 

Secretary Cuaryk. I might follow up on my previous comment. by 
indicating that frequently the results of these symposia are published 
and the documents are made available throyghout the country to any- 
one who might be interested. 

I also made reference in my statement to the ASTIA organization, 
which is a focal point for all of the reports that describe the work 
that has been carried out under the support of the Department of 
Defense, and these reports can be made available as requested by indi- 
viduals or groups having a genuine interest in the information. 

Mr. Rousw. Well, I am thinking of how we might reach areas of 
information and knowledge which you don’t reach through your 

articular program or through, say, the symposia—knowledge which 

as been developed, perhaps, or which comes about through the work 
of an individual in a university which might not have contact. with 
your program. 

Is anything done to encourage the transfer of that knowledge and 
information to the Air Force ? 

Secretary Cuaryk. Yes, the representatives of the OSR make a 
practice of visiting educational institutions and research institutes 
throughout the country with the idea of discussing Air Force problems 
with the people, learning of new developments that might be of im- 
portance to the Air Force, and encouraging the submission of pro- 
posals and ideas that look particularly promising. This is being pur- 
sued rather vigorously. For example, let us take the case in the 
European theater. The European office of ARDC has a rather small 
staff, but the staff has gone out. throughout the European countries 
searching for the best possible basic research talent. In certain in- 
stances they have uncovered, for example, talented individuals who 
have been conducting small-scale work in a very small laboratory but 
who have been developing ideas that have turned out to be rather 
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significant and, as a matter of fact, in several instances the country 
in question was unaware that this capability existed. 

Mr. Rousn. That partially answered my next question, which was 
concerning the liaison that we may have with the other countrieg of 
the free world. 

Now, other than the group you mentioned, do we have direct liaigo; 
say, with the Air Forces of Great Britain and France, particularly 
with their research and development program ? 

Secretary Crary. Yes, certainly through the mutual weapons 
development program we have a very close relationship with various 
research activities in the European countries. 

I should have mentioned that in connection with the European of. 
fice of ARDC, their basic research contracts are not limited to the 


den. There are 15 contracts in Israel, so that the scope of their actiyi- 
ties is essentially the entire European Continent. 

Mr. Rousn. When ou refer to these contracts, are you referring to 
connate which the Air Force has let with universities or organiza- 
tions ¢ 
Secretary Cuaryx. In these various countries, yes. 

Mr. Rovusn. Industries in these various countries? 

Secretary CHaryK. Yes. 

Mr. Rousu. I believe I better stop, Mr. Chairman. 

Mr. Rreuiman. Would the gentleman yield at that point ? 

Mr. Sisk. Mr. Riehlman. 

Mr. Rrextman. I would like to know a little bit more about these 
contracts that you have let: with these countries, whether they are re- 
search contracts, or development contracts, or 
Secretary CuHaryk. In connection with the European office of 
ARDC, these are basic research contracts. 

Mr. Basic research ? 

Secretary Cuaryx. The activities of that office are limited to basic 
research. is is as distinguished from the mutual weapons develop- 
ment program, which, however, is strictly a NATO activity. 

Mr. Rousn. Are these contracts ones which are let because the par- 

ticular industry or institution involved in that country can do some- 
thing that you feel we can’t do here, or is it merely part of our over- 
all mutual security program ? 
Secretary CHaryK. Well, it is primarily the situation where we feel 
they have something distinct to contribute, and there has been some 
concern, for example. There is only a single contract in Turkey, and 
I think the reason for this is that there have not been a sufficient num- 
ber of proposals of adequate stature generated to merit support in the 
judgment of the European office of the ARDC. 

I should perhaps elaborate on the way that decisions are made as to 
the support of such basic research programs by the European office 
of ARDC. 

The European office, as such, does not undertake the final technical 
evaluation and determination as to whether a contract should be 
awarded or not. Their first mission is to seek out the sources that can 
contribute and to encourage the submission of proposals to the Brus- 
sels office. 

A prelimary screening is carried out by the Brussels office. The pro- 
posals are then submitted; that is, the remaining proposals are then 


NATO countries. For example, there are some 38 contracts in Swe. | 
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submitted to the Headquarters of the Air Research and Development 
Command in this country, and the gene for these programs with the 
dollars required must come either from the Office of Scientific Re- 
garch in this country or from one of the other centers of the Air 
Research and Development Command. 

These funds are then made available through the European office for 
the purpose of initiating the contractual arrangements with the 
research investigator in question, 

Mr. Rousn. Are there any countries of Europe who are doing the 
same thing in the United States that you know of ? 

Secretary CHarykK. Not tomy knowledge. 

Mr. Sisk. The gentleman from California. 

Mr. McDonoven. Well, pursuing that same thought, you say that 
there are not sufficient proposals , Soe other sources. Do the pro- 

ls that are being studied originate with universities and scientists 
in these countries or do they originate with the Air Force Council ? 

Secretary CHARYK. They originate from the actual investigator who 
desires to pursue a particular program. : é 

Mr. McDonovcu. Now, who would that investigator be? 

Secretary Cuaryk. It might be, for example, a professor at some 
Ruropean university. 

Mr. McDonovuen. You say there are 15 contracts with Israel ? 

Secretary CuHaryk. Fifteen in Israel, yes. 

Mr. McDonovueu. What is the name of the university or school ? 

Secretary Cuaryk. Well, there is the Technical Institute at Haifa, 
for example. 

Mr. McDonoveu. Is that where most of them are? 

Secretary Cuaryk. I don’t have a distribution on that 15. 

Mr. McDonoveu. Well, you say that the individual who originates 
has some scientific knowledge, exceptional scientific knowledge that 
the Air Force in this instance or the research and development of the 
Air Force believes is essential to them. 

Secretary Cuaryk. That is right. 

Mr. McDonoveu. And that is finally appraised and determined 
that a study along those lines should be pursued. 

Secretary CuaryK. That is correct. 

Mr. McDonoveu. The reason that these contracts, then, are in these 
particular universities is because the universities have those particular 
scientists that originate these proposals. 

Secretary CuaryK. That is correct, and it is I think easy to see that 
there has to be a genuine interest in the work on the part of the Air 
Foree, since if, for example, the Office of Scientific Research is to 
support this program, it is going to take funds from the Office of 
Scientific Research to support this program in Israel. 

Now, I think that one significant factor here is that the salaries in 
some of these European countries and the overhead structure in some 
of these universities is such that a very significant amount of work can 
be obtained at relatively low cost. 

Mr. McDonoveu. Well now, if a particular study is pursued and 
concluded by a university, does that become part of the files of that 
university as well as the Air Force research and development or do we 

me the proprietary possessor of the information ? 
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Secretary Cuarrx. This is unclassified information, so it becomes | 


generally available. As a matter of fact, in most instances the resulis 
of the work would be published in some scientific journal. 

Mr. McDonouceu. So that we are actually making a very broad 
contribution to the scientific community of the world, of the free 
world. 

Secretary Cuaryk. That is correct. 

Mr. McDonovueu. And as my colleague from Indiana asked, is 
there any other country in the world doing the same thing? 

Secretary CuaryK. Not tomy knowledge, sir. 

Mr. McDonovenu. Now, in this country we put a great deal of con. 
fidence, according to your statement on page 4, in the Rand Corp. We 
evidently do because you say that they are engaged in broad studies 
covering the entire spectrum of the Air Force interest in general war, 
limited war, geopolitics, research, development, logistics, Air Foree 
management. That is a pretty broad and comprehensive scope of 
our Air Force defense, isn’t it ? 

Secretary Cuaryx. I did not intend to imply that they cover all 
aspects of these problems, but that they are engaged in projects related 
to the specific items mentioned. 

Mr. McDonovuenu. That is a private corporation. 

Secretary Cuaryk. This is a nonprofit corporation. 

Mr. McDonovueu. But it is private and distinct; it is not owned 
by the U.S. Government. 

Secretary Cuaryk. That is correct. 

Mr. Haut. Will the genttleman yeld: 

Mr. McDonovueu. I will ina moment. 

Are we certain that the people who are engaged in these studies 
which are very vital to our defense and very basic to our defense, are 
all screened and have a security clearance, and that the information 
that they develop doesn’t get into other hands? 

Secretary CuaryK. Well, they have to follow the same procedures 
as anyone else who would be working in these subject areas. 

Mr. McDonoven. Because a lot of this material that Rand proe- 
esses is classified, while the material in the universities in foreign 
countries is unclassified. 

Secretary Cuaryk. That is quite distinct, yes. 

Mr. McDonovern. I yield to the gentleman. 

Mr. Haut. In connection with his question, is the support, the major 
support that you state that is given to the Rand Corp. by the Govern- 
ment or by the Air Force provided for specific projects, for speeifie 
contracts; or is it general support ? 

Secretary Cuaryk. ate. I might elaborate on that. 

There is a policy council that periodically reviews the activities of 
the Rand Corp. Direction is given as to particular areas in which 
additional work should be carried out, and recommendations are made 
as to new work that should be initiated, work that should be termi- 
nated, and so on. 

Within this broad direction, the Rand Corp. has considerable 
freedom. 

Mr. Hatz. All right, sir. 

Now, to whom would any developments that are made as a result of 
participation by the Air Force belong; the Air Force? Or would they 
belong to the Rand Corp. ? 
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Secretary CuaryK. These would belong to the Air Force, _ 

Mr. Hauw. Is the Rand Corp, free, on items that are not restricted 
or classified, to sell or produce any part of the developments in the 

Secretary Cuaryk. Well, age the Rand Corp. is largely limited 
to the pursuit of paper studies. ‘They are not interested in the de- 
velopment of products. 

Mr. Hatt. Well, they do develop some, do the not ? 

Secretary Cuaryk. Not tomy knowledge; no,sir. 

Mr. McDonoven. I see what the gentleman is driving at. The 
pasic research or the study made would be the first step or the avenue 
through which a valuable product could be produced, and I think that 
is what the gentleman has in mind. 

Does this study become a propert M of Rand or of the Air Force ¢ 

Secretary Cuaryk. Well, since all of the work is supported by the 
Air Force, then any benefits along these lines would belong to thé 
Air Force. 

Mr. Hatz. Would you yield again? I hate to interrupt. 

Mr. McDonoven. That is all right. 

Mr. Hatz. You say “since all of the work is supported by the Air 

orce” ? 
iiteeary Cuaryk. By the Military Establishment; I should qual- 
ify that. 

7 Hatt. Well, then in your statement that you gave you said 
largely supported by the Air Force, which is it ? 

ecretary Cuaryk. It is largely supported by the Air Force. There 
isa very small amount of work that is supported by the Department 
of State, and I am not sure whether the Department of the Navy or 
the Department of the Army has a significant interest. 

General Witson. They both have an interest and, as a matter of 
fact, we anticipate that the Department of Defense, that is, Dr. 
York’s office, also will participate. I believe you know Rand has some 
money of its own which was provided by the Ford Foundation to 
keep them going. But so far as their product is concerned, the gen- 
eral patent. laws of the United States apply. If a development grows 


out of a Rand idea which has been paid for by the Government, the 
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patent laws state for other use they might benefit. I don’t think this 
has ever happened, but the general laws apply. : 

Mr. Sisk. Well, the military things are largely supported by the 
Air Force. 

Would the gentleman from California yield to further clarify 
the Rand Corp., as I understand it? 

Mr. McDonovan. Yes. 

Mr. Sisk. The Rand Corp. is in no sense a subsidiary of the Fed- 
eral Government or the Department of Defense. The Rand Corp. 
makes all kinds of studies. 

Now, I happen to be on a commission in which we contacted the 


_ Rand Corp. with reference to certain studies regarding transport ation, 


ad so forth, on the Alaska international rail and highway situation, 
which I am interested in. 

Tomake it completely clear, the Rand Corp. is a study group that is 
set up to make and conduct all kinds of studies under contract for 
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on. I wanted to clarify here that the Rand Corp. wasn’t solely jp. 

volved in work for the Department of Defense, but so far as that work 

oy they do do for defense, the Air Force handles the major pay 
it. 

Secretary Cuaryk. That is correct. 

Mr. Sisk. I thank the gentleman for yielding. 

Mr. Hati. Would you yield once more ? 

Your statement was, services supported in entirety, or all of the 

support came from the Air Force? 

Soarcteby Cuaryk. Well, the statement was to the effect that it js 
largely supported by the Air Force. 

Mr. Sisk. Well, the military things are largely supported by the 
Air Force. 

What I wanted to make clear, Mr. Secretary, is that the Rand Corp, 
is much broader in its scope of study and work that it does. I dont 
know what percentage of its total capacity to make studies under con. 
tract is done for the military services. 

The point I wanted to clarify is that it is not exclusive, and that you 
didn’t mean to infer that the whole Rand Corp. was basically sup- 
— by the Air Force, but that portion of the work which it does 

or the military services is mostly supported by the Air Force; isn’t 
that what you are saying? 
Secretary CHaryk. Yes. 
Mr. McDonoveu. Oh, you mean that the Air Force is the one part 
of the Defense Establishment of the Nation that uses the Rand Corp, 
more than any other part of the Defense Establishment ? 
Secretary Cuarrx. That is correct. 
- Actually, Rand was really born with the encouragement of the Air 
orce. 
Mr. McDonoveu. I see. 
Now, I will yield in just a moment. 
Included among the other things, you said Air Force management, 
Now, I don’t want to get too specific, but that seems to be a job for the 
command to look after. Why are we asking a private corporation to 
give us studies on the Air Force management ? 

Secretary Cuaryx. Actually, the specific reference there was to 
comments that the Rand Corp. might make relative to the relation- 
ships between research and research management. ; 

Mr. McDonovueu. An objective study far removed from the scene; 
in other words, they are not cluttered with the redtape and the re- 


opinion ? 
Secretary Cuaryxk. That is correct. 


many people are employed there ? 


fessional people. 

Mr. Sisx. Colonel, would you identify yourself for the record! 
Colonel Stewart. Colonel Stewart. 

Mr. McDonoven. Then in addition to that, we have the research 
and development complex staff with about 54,000 people in the Air 
research and development ? 


various purposes, manufacturing firms, private corporations, and g | 


quirements of command channels and you want a private individual’s | 


Mr. McDonoveu. Now, do you know what their personnel is; how | 


Colonel Srewarr. About 800 total, of which about 500 are pro- | 
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Secretary CHaARYK. Yes. 

Mr. SesPesrouass: Now, among the many things you say they do, 
the Atlantic Missile Range is one of their obligations; Pan American 
handlesthat. Who has the Pacific Missile Range? u 

Secretary CuaryK. The Navy has the responsibility for the Pacific 
Missile Range. 

Mr. McDonovueu. The Air Force has the Atlantic. Isee. 

Secretary CuaryK. That is correct. 

Mr. McDonoucu. And they also are engaged in tests leading up 
to the million-pound-thrust rocket—that is on page 5 of your testi- 
mony I am reading. 

Secretary CuaryK. Yes. 

Actually, the work on the million-pound-thrust chamber was an 
Air Force program. The responsibility for the program was trans- 
ferred to the NASA at the time of the institution of the NASA, and 
the Air Force is still involved in a significant fashion in the conduct 
ofthe program under the general direction of the NASA. 

Mr. McDonoveu. Could you at this time give the committee any 
information on what progress we have made on the million-pound- 
thrust to date ? 

Secretary Cuaryk. I think the program has been considerably ac- 
celerated recently. It is my understanding through discussions with 

ple from the NASA and with some of the people in the Air Force 
associated with the program, that the program is going very well. 

Mr. McDonovcu. Are those tests largely being conducted at Rock- 
etdyne? 

ecretary CuHaryk. Yes, the contractor for this engine is Rocket- 


_ dyne—who was the original contractor, incidentally, under the Air 


ree program. 

Mr. SDewcvan: And the X15 is also one of your obligations un- 
der R. & D.? 

Secretary Cuaryk. That is correct, with support from the Navy 
and the NASA. 

Mr. McDonovenu. Well, they just had one free flight the other day, 
which was successful. They are going to put a powered flight on 
soon. 

Now, for what part of that particular test does the Navy have 
responsibility, as distinct from the Air Force? 

olonel Stewart. It started out as a joint research project between 
the NASA, the Navy, and the Air Force. The Navy has funded a 
very small portion of it. I will give you an estimate of 5 percent. 

I would like to have the option of correcting that. 

The NASA has, for the most part, provided technical advice and 
supervision. 

he Air Force, in effect, has been the manager of the team as far as 
getting the product produced for us by North American. 

We have also put up the bulk of the funds, which is, I think, almost 


_ ahundred million dollars now. 

_ Mr. McDonoven. Well, the only question in my mind is—it seems 
an odd position for the Navy to be in on a space vehicle. Not that I 

| Want to discount the Navy, but it is in the air, strictly in the air; it 

isn’t in the water at all. 


part 

the 

It 1s 

lon’t 

You 

does 

isn’t 

part 

nent, 

r the 

yn. to 

to 

ene; | 

ual’s 

| 

pro- 

d? 

arch 

| 


184 BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 


Colonel Srewarr. But may I point out that it is a very advanced | 


upper-atmosphere vehicle. It isn’t a true space vehicle by any mean 
of course, and I think the Navy is as interested in very high-s 
aircraft as the Air Force is. Between the two of us and the NASA, 
we have a great interest in high-speed aerodynamics. 


Secretary Cuaryx. I think it could be described as an advanced | 


hypersonic research vehicle. Actually, in regard to the fiscal. year 
1960 program, the Air Force portion of the funds is $16.7 million; the 
Navy’s is $1 million. 

Mr. McDonoven. The X15 ultimately will be—the third power 
stage that they will install will produce a satellite spaceship or it wil] 
put it in orbit ? 

Secretary Cuaryk. I don’t believe that there is a program at the 
present time which contemplates that. . 

Mr. McDonovucu. Well, I was at the rollout last fall, and the 
briefing we got there was that the first powered flight for 150 miles 
was only the first step; that the second and third power installation 
that is possible in this craft could put it into orbit. 

Secretary Cuaryk. There have been studies and proposals made jy 
this regard. However, this is not an approved program, 

Mr. McDonoven. In other words, the ultimate program at the 
penn time for the X15 is the 150-mile flight, dropped from the 

—52. 

Secretary Cuaryk. It is the complete exploration with the hyper- 
sonic vehicle that will be possible with the propulsion capabilities of 


the system and with the launcher arrangement utilizing the B-52 air. | 


craft. 

General Wison. Sir, the information that we gain from the X15 
will help us in the next step, which is suborbital, and this we can en- 
vision someday as going even further. But the X15, itself, we do not 
believe to be the correct approach for near-orbital speeds. We have 
elected to use this information in another approach, which we call the 
Dynasoar, which is a near-orbital vehicle. 

Mr. McDonoven. Will either of the two equal the potentialities 
of Mercury ? 

Secretary Cuaryk. Well, actually, sir, it is quite a different pro- 
gram. The purpose of the Mercury is to place a man in orbit about 
the earth at the earliest possible date. The Dynasoar is a vehicle 
to explore the complete flight regime up to orbital speeds, and to 
explore the military potentialities that might be associated with 
vehicles that would operate in this speed regime, to get an idea as 
to the capabilities of the human in the system, and to try out various 
subsystems which might have military applications. 

Mr. McDonoven. Well, the Dynasoar and X15 are both powered 
flights, and the Mercury is not. a powered flight ? 

Secretary Cuaryk. That is correct, yes. 

Mr. McDonovueun. In other words, the Mercury must depend upon 
its capability of returning without power ? 

Secretary CuaryK. Well, power, of course, is required to get out 
of orbit. 

Mr. McDonovueu. Yes, but Dynasoar has a powered engine on 


board, and so does the X15. 
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Secretary CuaryK. So the Dynasoar can be directed to land in 
more or less conventional fashion at an airfield, whereas, I believe 
ou are aware of the type of recovery techniques that are involved in 

ercury program. 
39 = dana Is it classified as far as the potential date for 
an attempted flight with Dynasoar? 

General Witson. I am afraid it is, sir. 

Mr. McDonoven. That is all, Mr. Chairman. 

Mr. Sisk. Mr. Secretary, or General Wilson, I would like to have 
either of you comment on this: With reference to your research and 
development programs, have you had problems in acquiring scien- 
tific talent—and I am talking now strictly of your programs dealing 
with these advanced problems that you are concerned with and the 
overall program. What is your problem with reference to the acqui- 
sition of scientific talent and know-how? Then I have another ques- 
tion with reference to retaining it, either in military or civilian ca- 
pacities as against the bidding by private or other contracting agen- 
cies. If you want to discuss the whole subject, it is of considerable 
interest to us, and I am sure you gentlemen are confronted with this 

roblem. 

: Secretary Cuaryk. Well, I would like to make a few comments, 
and then perhaps General Wilson would like to augment my com- 
ments. 

Mr. Sisk. Go ahead, Mr. Secretary. 

Secretary Cuaryk. Actually, the philosophy of the Air Force from 
its inception has been to foster the development of a strong research 
and development capability outside of the Department in industry 
and in appropriate research and development organizations, and to 
endeavor to limit the amount of inhouse work that was actually car- 
ried on within the Air Force. 

We think that this has been a very effective procedure in producing 
the most rapid advances in the earliest possible time. It is essential, 
however, that there be retained within the Air Force, within the mili- 
tary and civilian structure, adequate capable talent to provide the 
overall guidance and direction that is necessary, and I think that it 
is fair to say that there is a problem in maintaining within the Depart- 
ment the talent that we would like to have. 

There is, as you know, a substantial salary differential between the 
Government service and what private industry can offer. So I think, 
considering this problem and some of the associated difficulties, never- 
theless, that we have done rather well, but I think it is fair to state 
that it is a problem. 

Mr. Sisk. Well, I realize, of course, that personnel problems over- 
all would probably fall under some other head. But I am glad you 
touched on the philosophy of the Air Force with reference to this 
particular problem, because that is certainly one of our interests here. 

Now, General Wilson, do you wish to say something on this? 

General Wison. I have little to say to amplify this. We had the 
decision to make some time ago, when we separated from the Army, of 
developing an inhouse policy, which we oversimplify by calling the 
arsenal concept, or by leaning on the broad base of the people of the 


United States. We decided to do the latter, and I think the judgment 
has proven to be correct. 
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We have maintained inhouse enough talent to generally understang 
the problems and to permit a proper evaluation of the Proposals 
offered to us. But essentially we have leaned upon our broad bag. 
for new ideas and new talent. I am not aware of any difficulty in 
industry at the moment. 

General Schriever will be with you tomorrow, and he is far better 
qualified to discuss this than we are. 

We are having trouble inhouse because, as soon as an officer or g 
civilian within the Air Force acquires a considerable degree of this 
new knowledge, he is under tremendous pressure from industry to 
leave the service. 

So far, we haven’t had any general exodus. We don’t have enough 
of these people, and I can anticipate growing problems in keeping 
those people with us, simply because of pressures, money pressure, 

Mr. Sisk. Well, that goes pretty much to the heart of the thing that 
I had in mind, General Wilson, although I realize that the philosophy 
of the Air Force has been somewhat different from the Army’s, The 
Army has pursued, as a matter of policy, the arsenal concept, for 
example, at, Redstone, in maintaining a group of people who certainly 
represent the management concept they feel to be important. 

Now I also feel, and I believe your last statement indicates that you 
agree, that it is essential to keep inhouse people with the knowledge, 
the know-how, the understanding, to evaluate all of the programs and 
all of the development and all of the contractual agreements that you 
have. That seems to mé to become very important because, frankly, 
that particular question seems to me to lead to some of the criticisms 
that we sometimes hear regarding the expenditure of moneys; that 
is, as to whether or not they are actually wasted on given programs, 
I want to ask you this: Will you not agree with me, General Wilson, 
that it is necessary that you have and that the Secretary have people 
who have the know-how to properly evaluate what the private indi- 
vidual or the private contractor, or even Rand Corp. is doing? 

General Witson. I certainly agree. 
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Mr. Sisk. I do not intend to reftect on the private groups that may _ 
be involved, but in view of the fact that you have a responsibility | 


vested in you as a part of the military service for the security of the 
country, and at the same time, as we all have, protection of the tax- 
payers’ dollar, this becomes very important. 

General Witson. It is very important, sir. 

Now we do have a certain morale in the Air Force, and this retains 
a lot of talent to us. We have a lot of dedicated people who look upon 
their job as more important than money. This retains people to us, 
and we have a lot of growing young officers being indoctrinated in this 
area to whom we look for future competence. 

Mr. Sisk. I am happy that you made that statement, because I 
have been much impressed with what I feel to be the rare, honest, 
sincere dedication of many of our military people, both in the Air 
Force and in other branches of the services. I aime of individuals 
today that could make four times their salaries if they would leave the 
service, and I deeply appreciate that. 

Now my next question, then, goes to the point of whether or not you 
people, who are responsible for the Air Force's whole research and 
development program along with General Schriever and others, have 


of 
pr 
nol 
di 
( 
tal 
da’ 
— 
] 
a me 
no 
ma 
* 
bu 
gi 
as 
001 
it’ 
tre 
is 
de 
pe 
| 
int 
— Int 
= ia 
| 
a 5 


BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 187 


ny specific recommendations for proper or additional recognition 
ofthis dedicatory service these people are giving. 

[ realize we can’t go out and pay in dollars and cents, because of the 

roblems involved—raise the pay to meet that civilian pay—but do 

ou have any specific recommendations along that line? 

This is a question you probably didn’t anticipate because you were 
not notified we were going to ask you this, but I feel these people are 
aititled to recognition. Maybe they are getting some, but maybe we 
should give them more because of this dedicated service. ' 

General Wizson. Well, sir, this is an unanticipated question, and 
[certainly don’t want to appear to evade it at all. It is a matter that 
is under constant study. It falls really within the responsibility of 
our personnel administrators, who are looking at this area, and cer- 
tain other difficult areas, such as the SAC alert crews, who spend their 
daysand nights in the shadow of an airplane wing. 

T think that the Congress can anticipate some recommendations 
along this line. 

If you will forgive me, sir, I would prefer not to make any recom- 
mendations at this time. 

Mr. Sisk. That is perfectly all right. I do not wish to press for 
an answer, because, as I indicated at the beginning, I am sure you did 
not anticipate a request for recommendations to solve this. This 
matter is rather. continuously before the Members of the Congress. 
AsI say, I am happy that we do have a lot of good, dedicated people, 
but I think they are entitled to possibly more recognition than we 

Mr. Rovsx. Will the chairman yield for just one question ? 

Mr. Sisk. Yes, I will be glad to. 

Mr. Rousu. General, do you have a special rotation policy insofar 
as the people who are engaged in research and development work are 
concerned ? 

General Witson. We have a general rotation policy, but we violate 


itin certain specific cases. 


Now normally an officer is supposed to be an officer and command 


y troops one day and become a researcher the next. We know that this 


isnot the case. We have recognized career fields, and we have en- 
deavored to keep research and development people in a research and 
development field. We have to change people around occasionally. 
This we find is good for the organization and good for the indiaideal 
too, but we are attempting now to keep the research and development 


_ people in the research and development field. To some extent it is 


| 
| 


special. 

Mr. Rous. What I had in mind is this: If an officer is especially 
interested in a particular phase of the work, and he saw that he was 
going to be transferred because of a definite rotation policy, then I 
should think he would be more inclined to get out of the service and 
into industry where they would pay him more. 

If, however, he felt that he might stay there and continue to con- 
tribute to the effort, I think he might be more inclined to stay. 

General Witson. Well, this is true, sir, and recognized, and in 
actual practice it happens in varying degrees. I know of one officer 
who spent 12 years on a job. I think that is rather an extreme, but 
most people can expect now to spend their full time in a career field 


_ unless something unusual happens. 
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Mr. Rovusu. That is all, Mr. Chairman. 

Mr. Sisk. Does the gentleman from North Carolina have any que. 
tions 

Mr. Harz. No, Mr. Chairman. 

Mr. Sisx. I would like now to go back to the basic suggestion y 
made in the beginning here to draw some rather definite lines, x | 
much as we can, to conclude here this morning. 

I think you gentlemen have very ably stated the philosophy of th 
Air Force with reference to your research and development program, 

Now also it seems that the organization explained in your twp 
statements, plus the comments that have been made, has been preity 
well clarified. 

I imagine we may have some questions tomorrow of Gener 
Schriever along that line. 

Now with regard to requirements, which is one of the things that 
I was somewhat interested in, I think there again, General Wilson 
you spelled out the dollar requirements to a considerable extent. 

‘ Now the amount of money that is actually involved in your research 
program and that portion of the work, for example, that we feel this 
committee has jurisdiction over, totals up to about what figure now! 
I started jotting down some figures, and I believe you gave some over 
all figures. However, I am interested in keeping as much as possible 
the basic research and these advanced programs, and so on, separate 
and apart from operations. 

That is why I mentioned in the beginning that we did not want to 
move over into the field of some other committee, because once thes 
weapons become developmental, we understand we have no jurisdic. 
tion, and we don’t seek that. 

I am interested in round figures, what you feel falls under this 
specific basic research, and this long-range development program. __ | 
‘ General Wirson. Well, sir, I will give you an oversimplified figure 

rst. 

Mr. Stsx. All right. 

General Wixson. In the basic research program for fiscal 1960, we 
are requesting of the Congress $49.5 million. 

Mr. Sisk. Now is there included in that the $35 million which you | 
mentioned at the top of page 4, General Wilson, in your statement?! 

General Witson. Yes, sir; that is included in that figure, and in | 
addition there is included the Rand Corp., $13.5, and development 
planning research of nine-tenths of a million. | 

Mr. Sisk. Well, that then totals up to $49.5 million ? 

General Wirson. Yes, sir. Now in the applied research area, which | 
is our heavy money spender, we have asked the Congress this year for | 
$279.4 million. Now this is the area you recall, sir, in which we 
develop new techniques. 

Mr. Stsx. That is long-ran 

General Wirrson. No; this is where we try to prove out feasibility: | 
First is theoretical in nature. Next, we try new techniques, to prove 
feasibility. We begin to get into hardware, and it costs a lot of money. 
So that is our big area. 

Then the research support area, which is—this is the housekeeping 
item. 
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Mr. Sisk. For my clarification, is the housekeeping item, this item 
here at the bottom of page 3 that you discuss under command opera- 
tions, the $355 million ¢ 

General Witson. Yes; that is correct, sir. 

Mr. Sisk. Now what portion of that—or do you feel that all of that 
ischargeable to your research program ? 

General Wixson. It is under our present management structure. 
That is, they charge research with what it takes to maintain facilities 
and pay the personnel, and so on. It really shouldn’t be considered 
research, itself, but it is the housekeeping charge. 

Mr. Sisk. Well, now, those three figures, then, as you see it, would 
basically cover 

General Witson. That is $366.8 million. 

Mr. Sisk. That includes the so-called basic research, the applied 
research, and the housekeeping items? 

General Witson. No, sir; this figure does not include housekeeping. 
This includes certain instrumentation, certain test vehicles, things that 
are useful, especially in the applied research area. The X-15 is an 
example. 

Mr. Sisk. Oh, the X-15 is in that figure ? 

General Wiison. Yes. 

Mr. Sisk. Now, within fiscal 1959 do you have the figure of the 
amount of money that was transferred to NASA in fiscal 1959 from 
the Air Force, that actually was originally appropriated and turned 
over to the Air Force for R. & D. work, and then you later made that 
available to NASA? There were some moneys in that classification, 
was there not ? 

Secretary CraryK. I can provide that information for the record. 

Mr. Sisk. Well, I think it might be well to have that. 

I think in hearings before, if I am not mistaken, Dr. Dryden or Dr. 
Glennan very probably have given that figure, but in order to con- 
solidate it here, I was curious as to whether you had that figure. 

Secretary CuaryK. Yes. We shall be happy to provide that. 

(The information requested is as follows :) 

Fifty-seven million eight hundred thousand dollars of fiscal year 1959 funds 
that had been appropriated to the Air Force were transferred to NASA. The 
total amount transferred included funds from both the research and devel- 
opment (P-600) appropriation and the development support portion of the 
P-100 appropriation. 

Mr. Sisk. Now, let me ask you this: 

In fiseal 1960, do you anticipate any contribution of this nature from 
the Air Force to NASA ? 

General Witson. No, sir; we do not. 

Secretary Cuaryk. It is not contemplated. 

Mr, Sisk. In other words, from a technical standpoint, the Air 
Force now will not be supporting any portion of NASA’s work. 

General Witson. We will have some joint projects, but we don’t 

anticipate any transfer of funds to NASA. 
_ Mr. Sisk. I understand, of course, you have joint projects—projects 
inwhich you are interested and projects in whigh they and probably 
even other branches of the service are interested. But there will be no 
transfer of funds that. you know of ? 

Secretary Craryx. That is correct. 

47386—59——18 
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Mr. Sisk. There are a number of things in your statements, ql. 
though I think they are very clear, that I would like to comment on, 
but our time is getting away. 

I would like to ask our staff member if he has any questions for 
clarification of the record that you would like to ask either the 
Secretary or General Wilson. 

Mr. Hives. Not at this time, sir. 

Mr. Sisk. Just one moment, here. I wanted to check on something 
else. 

One question that I have in mind, while I am searching for 4 
specific thing that I marked : 

This liaison arrangement between the services and NASA, I would 
like to have any comment that you have to make, Mr. Secretary, on 
how well that is working; do you think that it is doing a good job! 
Do you feel there is full and complete cooperation ? 

I realize this is always the kind of a question that puts a person on 
the spot, but this has been of some concern to us, because having been 
a member of the select committee that created the act and set up these 
various liaison committees, we are interested in whether or not they 
were worthwhile. 

Secretary CuaryK. Well, I think, Mr. Chairman, that it is difficult 
to create the real type of relationship that you want by a single formal 
act. I think the Air Force is particularly fortunate in that over some 
years it has developed a working relationship with the old NACA at 
all levels, so that the individuals in the Air Force have had many years’ 
experience working with individuals in the old NACA. So feel we 
have a very close relationship with the new NASA, and T have little 


doubt that we will continue to operate in as satisfactory a fashion as 
existed during the days when the organization was of a somewhat 
different character, but where we had a lot of common problems, 

Mr. Sisk. Do you feel that there is any possibility that our creation 
of this new agency may tend to spread our shots and that we might 
slow down our progress in these advanced fields rather than speed it 
up? Ordo you feel that it has been a real contribution to our overall 
space effort and to our military effort in research and development of 
new types of weapons? 


focus attention on an area as important as this by having an organiza- 
tion devoted to its exploitation and its energies concentrated in that 
direction. 
I think it is important to have an extremely close working relation- 
ship with the military departments who have the responsibility to 
exploit the capabilities that are produced through the NASA in 
military space applications. 

I think that at the point at which a military requirement can be | 
spelled out and the problem definitized, that. at this stage of the game | 


the responsibility for the development of the military weapons system, | 
of course, must become the responsibility of the Department of | 
Defense. | 


ment, which seems to me is a very good one—and keeping in mind, 
of course, NASA as the civilian organization, plus the setup in the | 
other military services—how important do you believe ARPA to be 


Secretary CuaryK. Well, I think that it is a very useful thing to | 


Mr. Sisk. On the basis of your setup now in research and develop- | 
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today? The Advanced Research Projects Agency, of course, is a 
comparatively new agency, itself, set up about 2 years ago. I am 
here indicating no criticism of ARPA, but do you have any comment 
to make, General Wilson, or Mr. Secretary, on whether or not you 
feel the usefulness of ARPA might come to an end, or whether it is 
avery important cog in the wheel ¢ ; . 

Secretary CuaryK. Well, I think that after the Russian sputnik 
was launched that there was a real requirement for a group to concen- 
trate our energies in an attack on the advanced problems related to 
space, and I think that the Advanced Research Projects Agency has 
done an excellent job in activating in a vigorous way and augmenting 

revious programs. 

Qne must also recall that at that time, of course, there was no 
NASA, and the Office of the Director of Defense Research and Engi- 
neering had not been established. 

I think there is a continuing need for a highly competent group of 
individuals, dedicated to the pursuit of an adequate program in ad- 
vanced research projects. The overall responsibility for work of this 
type, of course, now rests in the Office of the Director of Defense Re- 
search and Engineering. ARPA is ina sense an operating agency for 
his office. I feel that it probably is up to him to determine whether 
he wants to continue to operate such a group on an ARPA arrange- 
ment or whether it is more efficient to operate such a group directly 
out of his office. 

I would like to say that I think that there is a continuing need for 
an activity of this type. Whether it should be a separate agency or 
whether it should operate out of the Office of the Director of Defense 
Research and Engineering, I think that is a problem really for Dr. 
York to resolve. 

Mr. Sisk. Well, thank you, Mr. Secretary, and thank you, General 
Wilson, very much, for coming down and giving us the benefit of 
your testimony and your kindness in discussing some of the questions 
that we had in mind. I am sure there are many other things that we 
could explore, but in view of the fact that we have pretty well run 
out of time, I simply want to —_ on behalf of myself and the 
committee my deep appreciation for what I believe to be some very 
fine statements here. I think you have given us a pretty definite pro- 
gram of what your research and development problems are. 

Secretary CuaryK. We welcome the opportunity to appear before 
the committee. 

Mr. Sisk. With that, the committee stands adjourned until 10 
o'clock in the morning. 

(Whereupon, at. 12 noon, the subcommittee adjourned, to reconvene 
it 10a.m.,on Friday, June 12, 1959.) 
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BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH IN 
THE DEPARTMENT OF DEFENSE 


FRIDAY, JUNE 12, 1959 


Houser or REPRESENTATIVES, 
CoMMITTEE ON SCIENCE AND ASTRONAUTICS, 
Suscommirrer No. 4, 
Washington, D.C. 
The subcommittee met at 10 a.m., Hon. B. F. Sisk (chairman of the 
subcommittee) presiding. 
Mr. Sisk. The Subcommittee on Space Problems and Life Sciences 
will come to order. ae 
Weare privileged to have with us this morning a very distinguished 
member of our Armed Forces, Gen. Bernard A. Schriever, com- 
mander of our Air Research and Development Command. 
General Schriever, we are very happy to have you with us. To 


_ briefly outline some comments I made yesterday to Secretary Charyk 
| and General Wilson, the purpose of this very short hearing is to at- 


tempt to learn as specifically as possible the scope of the research 
program of the Air Force and in particular that portion of the pro- 

am which justifiably falls under the jurisdiction of this committee. 

We do not desire, of course, to get into a field over which another 
committee of the Congress certainly would have jurisdiction—that 
having to do, of course, with actual military operations, and so on. 
We want to keep our hearings concentrated strictly on the basic re- 
sarch program of your branch of the Air Force and what its philos- 
ophy, what its problems are, what its intents are, what the scope of it 


| is, the dollars and cents involved, and some of the difficulties that you 
are confronted with in getting properly qualified people. 


| 


Now, those are the prime objectives of this particular hearing. 
This morning you will be the only witness, General, with such backup 
people as you have with you. 

Now, I believe we will have one or two more of the committee here 
very shortly, but rather than delay the proceedings this morning, I 
think we will go ahead and proceed with any statement that you would 
like to make at this time, and then we will have questions and discus- 
sion of some of the things that I am sure we will have in mind. 

So with that, General, we are very happy to welcome you, and you 
may proceed with your statement. 

eneral Scurtever. Yes, sir. 
_ I might say, Mr. Chairman, that my prepared statement and very 
informal briefing actually covers perhaps a little broader scope than 
ou have indicated in your comments, in that I will discuss the Air 
esearch and Development Command and some of our management 
philosophies. 
193 
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However, during the question period, I am sure that you can de. 
velop any detaiis with respect to the more specific points that yoy 
would like to get into. 

Mr. Sisk. Well, I appreciate that comment, General, because yy 
don’t want to limit you by drawing the lines too narrow. 

I realize, of course, the scope of your command and we certain] 
must consider the impact of the research program upon the objec. 
tives you seek to obtain. So I understand that you would have ty 
expand a little bit further on that. 

The one thing that you mentioned just now is this management 
concept which, of course, we are very much interested in, too, since 
we run into different approaches to this problem, from the various 
agencies with which we have to deal. 

General Scuriever. Well, I think what I have to say is quite per. 
tinent, because all of the things are interrelated, and then you cer. 
tainly can question me more specifically on those points which I may 
miss in my prepared statement and my little informal briefing, 

Mr. Stsx. Fine, General. 

General Scuriever. Then if I may proceed with my _ prepared 
statement. 

Mr. Sisk. Go right ahead and proceed. 


STATEMENT OF LT, GEN. BERNARD A. SCHRIEVER, U.S. AIR FORCE, 
COMMANDER, AIR RESEARCH AND DEVELOPMENT COMMAND 


General Scuriever. Mr. Chairman and members of the subcom- 
mittee. 

In my presentation today, I will cover management of the Air 
Force activity which in my mind has without question the most vital 
and the most fascinating mission the military pursues in time of 
peace—research and development. 

In view of today’s competition with the U.S.S.R., I am certain 
that no one in this room doubts that the course of any future battle 
depends primarily on our determination and ability to take maximum 
advantage of today’s rapid rate of technological advance. 

This has been well stated in the Rockefeller Report, from which I 
quote: 

A nation can achieve a basic advantage if it is able either to develop or to 
produce weapons more rapidly than its opponents. One of the major weaknesses 
in our strategic posture. has been our inordinately long leadtime. 

The Soviets, too, recognize the overriding importance of time, andI 
quote from a statement in 1958 by Marshal Blagonravov, a member of 
the U.S.S.R. Academy of Sciences : 

It is easy to see that, precisely, the time element is the decisive factor which 
should be grasped in the competition with the capitalist countries in the field 
of technology. 

I have frequently stated that the pacing factor in weapons system 
development no longer is the rate of advance in scientific state of the 
art. Instead, we now progress only so fast as our organizational, 
management, and administrative talents can capitalize on that s¢- 
entific progress. This thesis was stressed by the von Neumann Com- 
mittee in its report urging acceleration and reorientation of the Atlas 


ICBM program in February 1954; this thesis formed the basis of the | 
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ined “Gillette Committee procedure” which was applied to 
ec ballistic missile programs in 1955 by the Office of the 
Secretary of Defense and by the Department of the Air Force. It 
will also be my prime concern in management of the Air Research 
and Development Command in my new position as its commander. 

The mission of ARDC, as stated in Air Force regulations, is to— 

1. Attain and maintain qualitative superiority of aeronautical 
and allied equipment and to conduct or supervise scientific and 
technical studies required to accomplish the Air Force missions; 

9, Seek new basic knowledge for developing improved aero- 
nautical equipment, materiel, weapons, and techniques; : 

3. Develop and recommend new and improved devices and 
systems for conducting and supporting air warfare, including 
complete weapon systems, techniques, and procedures. 

Stating that mission in my own words, we in Air Force research 
and development will devote our entire energy to anticipating the 
most effective developments with which to meet future Air Force 
mission requirements, and to bringing them to operational readiness 
at a date limited only by optimum advancement of the technological 
state of the art. ; 

To achieve such objectives, there are certain cardinal concepts of 
organization and administration which to me are extremely impor- 
tant, are generally obvious, but usually are difficult to realize. As I 
testified before the Symington subcommittee on April 23 of this year, 
hey are: 

1. Clear and vertical decision-making channels on overall pro- 
gram and policy matters. 

2. A high enough priority to obtain adequate funds. 

3. Complete responsibility and authority for program direction 
at the operating management level. 

4. Highly motivated and competent personnel. 

These concepts have been implemented to a high degree in the Air 
Force ballistic missile programs, and the results, I believe, speak for 
themselves. 

In addition, there are other and less obvious aspects of weapon 
system management which require more detailed discussion. In the 
ballistic missile program it has had two characteristics which are of 
overriding importance in the race to compress time. 

The first concept is the philosophy by which weapon system develop- 
ment is implemented. Here the considerations are technological and 
revolve around the vehicle itself. In short, they concern state of the 
art or technology as it relates to the timing of the initiation of a 
weapon system development program. 

For example, an all-out ICBM program was initiated based on the 
judgment of a group of eminent scientists, headed by Dr. von Neu- 
mann, that such a system was technically feasible. None of the ele- 
ments of the system existed in 1954. There was no lightweight, high- 
yield warhead. In fact, no such device had ever been tested. There 
existed no nose cone that had reentered at mach 24; there existed no 
guidance system ; there existed no suitable rocket powerplant. Though 
none of the major subsystems of an ICBM were in existence, there was 
little doubt in the minds of the von Neumann group and other scien- 
tists that an ICBM, taking advantage of the thermonuclear break- 
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through, was technically feasible and would provide an effectiy, 
Weapon system. 

There can be little doubt that the majority of military space syste, h 
must be developed in this same manner if we are to compress ting st 
It would be costly in time and would lead to early obsolescence shoylj| 0: 
we follow a ped of not initiating a weapon system developmey f 
program until all subsystems of which it will consist are fully deyg. 
oped and on the shelf. _ 

Weapon system development based on technical feasibility, they.) # 
fore, requires that the military doa number of things: 

1. Conduct a vigorous research, applied research, and cop. 
ponent development program. 

2. Conduct constant evaluation and analysis of the above actiy. 
ities, aided by science and industry, to insure timely initiation ¢ 
weapon system development programs. 

3. Centrally manage and control urgent weapon system pr. 
grams to insure effective systems engineering, integration, anj 
testing which is essential to the intricate technical interface ly. 
tween and among the several subsystems comprising the total 
weapon system. | 

The second prime concept in compressing leadtime springs fron 
competence and confidence in implementing the first concept, whic 
I have just discussed. It is the concept of concurrency, which opti. 
mizes the developer-operator relationship. 

This is best explained by dissecting a weapon system. A weapm | 
system consists of much more than the hardware which is developed 
and tested. It also requires the industrial base for its production, the 
operational facilities for its operation and maintenance, the commani 
and communications system for its operational control, the suppl 
and transportation system for its support, the training facilities and 
the instructors, and finally the people organized and trained to oper | 
ate and maintain the weapon. | 

For the ICBM, none of these weapon systems elements existed in | 
1954. The challenge, of course, is leadtime, and this varies for each | 
element, exceeding 40 months for some. | 

It is quite obvious that total leadtime is vastly increased by as | 
qential series approach, in which leadtimes for each major program | 
element accumulate as each successive step is taken. In both the | 
Atlas and Titan programs, however, using the concurrency approach, 
operational and training bases were under construction prior to the 
launch of the first test missile. 

Thus, a compressed timetable is made possible by the management | 
concept of concurrency, wherein each element of the total weapon 
system is integrated into a single plan, program, and budget, and 
implemented concurrently, consistent with leadtime requirements. As | 
an example of concurrency at work, the Thor IRBM has been de 
ployed in numbers to the United Kingdom only 314 years after sign: | 
ing the initial contract with Douglas Aircraft Corp. 

Military space systems, just as ballistic missiles, require the estab | 
lishment of a new operational environment. Here, too, few of the 
elements were in existence when current programs were initiated 
Therefore, to compress time it will again be necessary to adopt the 
essential principles of the management concept of concurrency. 
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To summarize management considerations, then, the progress which 
has been made in the accelerated Air Force ballistic missile program 
strongly supports the management concepts which I have outlined ; 
namely, initiation of weapon systems programs based on technical 
feasibility and concurrency in their implementation. 

From an organization, management, and administrative standpoint, 
the key factors in early achievement of feasible and effective opera- 
tional systems are— 

1. Mission areas for each of the services should be clearly 
defined ; 

9. The operating service should be designiated upon initiation 
of a weapon system development program, and should be assigned 
management control of both development and operation of the 

stem ; 

MS. The service responsibility for system development should be 
delegated clear authority een f should be given the resources nec- 
essary to do the job; 

4, Authority, responsibility, and resources should be placed 
by each service at the lowest operating management level where 
all factors of program implementation can be controlled and in- 
tegrated on a concurrent basis; 

5. Administrative channels from the operating management 
agency to the top policy and approval level must be clear, direct, 
and short ; 

6. Priorities in accord with program urgency should be estab- 
lished, and budget limits should not be arbitrary. 

Having covered this philosophy of development management, I 
would now like to turn to an informal outlining of the organization 
and functional operation of the Air Research and Development Com- 
mand. 

You may have some questions before I start. 

Mr. Sisk. Well, I have several questions in mind, General, and I 
am sure that my colleague from Indiana also does, but I think probably 
weshould go ahead with your presentation. 

Do you have some questions at the moment, Mr. Roush? 

If not, I think some of the questions I have in mind may be answered 
by your discussion. 

eneral Scuriever. Well, this will be very short and informal, be- 
cause the Air Research and Development Command is a very large 
organization, and it is very difficult to cover all of its aspects in a few 
minutes, but this chart here depicts the organization for research and 
development in the Air Force. 
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There is the Chief of Staff in the Pentagon. He has a chief sciep. 
tist and a Scientific Advisory Board. He has a Deputy Chief o 
Staff for Development, General Wilson, who was here yesterday, and 
whose organization comprises three offices: Director of Research an 
Development, Director of Advanced Technology, and Director o 
Development Planning. 

Normally, we deal with this particular element of the staff in ow 
relations with the Pentagon [indicating Deputy Chief of Staff De} 
velopment]. However, as commander of a major air command, || 
have access directly to the Chief of Staff as the major commander, | 

Mr. Sisk. If you don’t mind, General, we might have some quey 
tions as we go along. 

In fact, I would like to ask right now, before you move from this | 
particular chart: 

As I understand it now, the chief scientist is actually an adviser to | 
the Chief of Staff of the Air Force; is that correct ? 

General Scuriever. Yes; that is correct. 

Mr. Sisk. Now, what is the Scientific Advisory Board ; does it serve | 


to advise the chief scientist or how does it operate ? 

General Scuriever. They are also advisory to the Chief of Stafl | 
This was a board set up by General Arnold right after the last war | 
It has been in existence since 1946. The Board is actually organizl 
in a number of panels, normally along technical categories, and thes 
panels meet periodically on the call of the panel chairman in the | 
ew areas. The panels visit both industry and Air Research and | 

evelopment Command activities. The Board itself meets formall | 
about twice a year. It holds a spring meeting and a fall meeting,| 
and submits a report to the Chief of Staff with respect to its reco 
mendations concerning research and development in technical matters | 
That report is normally given then to the Deputy Chief of Staff for 
Development for implementation. We also get copies in ARD( 
and we are therefore also involved. 
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Mr. Sisk. That is Secretary Charyk you are referring to now? 

General Scurtever. No, I am referring to the Scientific Advisory 
Board. 

Mr. Sisk. But you said they would then make their recommenda- 
tions, as I understand it, to the Secretary. 

General Scurtever. Normally this goes from the Chief of Staff 
to the Deputy Chief of Staff, Development, General Wilson. It is 
considered in the Air Staff but we also get copies simultaneously, and 
so we know what the Scientific Advisory Board is recommending 
and can act on its recommendations. 

Mr. Sisk. Complete liaison, you might say, throughout the organ- 
ization with those who are concerned with research and development ? 

General Scuriever. That is right. 

Mr. Sisk. Now, these members of this Scientific Advisory Board, 
are they free-lance scientists or are they full-time employees of the 
Federal Government ? 

General Scurtever. No, sir, they are not full-time employees of 
the Federal Government at all. They come from universities, labora- 
tories, and some from industry. 

Mr. Sisk. That was my understanding. 

I know we have had various members of the Scientific Advisory 
Committee before the committee. 

Is Dr. Furnas, of Buffalo, on that committee at the present time? 

General Scuriever. I don’t know whether he is on it at the present 
time. He has been on it. 

Mr. Sisk. For the record, I just wanted to clarify that and what 
their connections were with the chief scientist, because, as I under- 
stand it, the chief scientist is a full-time employee. 

General Scuriever. That is right. 

Dr. Charyk was the chief scientist, and he has moved into the 
Assistant Secretary slot. We have had about five or six over the 
past 7 or 8 years. The chief scientist is usually on a year’s leave 
of absence, and normally we have taken scientists from universities, 
although in a few cases we have had scientists like Charyk from 
industry, Dave Griggs, from U.C.L.A.; Dr. Louis Ridenour, of the 
University of Illinois, are a few who come to mind. 

Mr. Sisk. All right, go ahead. 

General Scuriever. Dropping down to the Air Research and De 
velopment Command, this yellow box [indicating], the headquarters, 
islocated at Andrews Air Force Base. 

Now, we have three major operating elements here which are 
located geographically away from Andrews but are part of Head- 
quarters ARDC. The first is the Air Force Ballistic Missile Divi- 
sion, which is located in Los Angeles. This organization, which is 
under the command of General Ritland, has the operating manage- 
ment responsibility for all of our ballistic missile and our military 
space vehicle development, under the jurisdiction of the Air Force. 
t also has operating management responsibility for those projects 
which we are carrying out for ARPA and NASA. 

Mr. Sisk. Well, now, let me ask you a question with reference to 
that. 

For example, would the Air Force’s part of the X-15 program 
then be under the Ballistic Missile Division out in Los Angeles? 
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General Scuriever. No, sir; this is under the Director of System, } 
Management. It is still considered more of an airplane than a spag : 
vehicle. 

Mr. Sisk. OK; I see. 

General Scuriever. The X-15 is actually under the managemenj 
of this organization, Director of Systems Management. The title of 
the organization is not very descriptive. The Director of Systems P 
Management, who, until recently has been General Haugen, isle |, 
cated in Dayton, Ohio. He works directly with the Air Materid | 
Command and has the operating management responsibility for al] 
weapon systems that are aeronautical in nature, that is, aircraft and py 
those missiles which are not space missiles. 

Mr. Sisk. That would be, for example, the B—70? 

General Scurtever. Yes, the X-15, and so forth. He gets histech. 
nical support primarily from the Wright Air Development Center, 
which I will talk about in a minute. 0 

Mr. Sisk. The Ballistic Missile Division specifically handles thos 
weapons in the ballistic missile field ? 

General Scuriever. Yes, and of course the outgrowth into the space pn 
area. 

Mr. Sisk. Yes, and then the second one that you are discussing  ¢ 
handles those things that are connected with what we consider tok | 
airborne or more conventional types of weapons systems ? 

General Scuriever. Yes. 

This, of course, is the cradle of our whole research and development | 


effort in the Air Force, Wright Field in Dayton, Ohio. p 
I don’t think there is anybody in Air Force research and develop. | r 
ment that hasn’t served a tour of duty out at Wright Field. p 


The Air Defense Systems Integration Division, which is located 
in the Boston area, is headed by General Berquist and has a respon- 
sibility for integrating and providing the guidance for our overall | i 
air defense system. It has the air defense systems integration re 
sponsibility. ADSID is actually not an operating management or- 
ganization, as such. In other words, it does not control funds and 
direct projects the same way that these two agencies do, but it has 
this integration and coordination responsibility. 

Mr. Sisx. Let me ask you, then, to use an illustration, what would 
they have to do with your Bomarc program now, since that is a de- | 
fense project? 

General Scuriever. That is an air defense weapons system and they, 
in looking at the overall air defense system, would study and evaluate | 
and analyze the Bomarc and would provide guidance to the program 
directors who are responsible for the actual direction of the project | 
itself. 

The project is directed here [indicating the Director of Systems | 
Management] by this particular organization. 

Mr. Sisk. But they (ADSID) do not have the handling of the | 
funds, that is, the funding of the project, and so on? 

General Scurrever. No, they do not. This organization here with 
Wright Field does [indicating the Ballistic Missile Division located | 
at Los Angeles and the Systems Management Directorate]. We are | 
making a study now of this organizational structure. We may make 
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achange. But at the present time, as I have indicated, the integration, 
jdance, and coordination activity is ADSID’s responsibility. 
SID has a civilian organization called MITRE, which is an out- 
owth of the Lincoln laboratories. Civilian scientific and engineer- 
ing personnel from MITRE provide ADSID with their technical sup- 
rt. MITRE isa nonprofit organization, — 

So these two, the Ballistic Missile Division located at Los Angeles 
and the Systems Management Directorate, are the operating manage- 
ment organizations for weapon systems. 

I didn’t go into the detailed breakdown of headquarters, ARDC, 
but I have a standard staff there, plus a Deputy for Weapon Systems, 
a Deputy for Research, and a Deputy for Resources; in other words, 
installations, all of the normal logistics, manpower, and other prob- 
Jems are handled by the Deputy of Resources. The Air Defense Sys- 
tems Integration Division located at Cambridge is an integration 
organization. 

Now, let me go down here. 7 

This gets into the basic research field, and these organizations are 
not part of headquarters. These are subordinate organizations. 

The first is the Air Force Office of Scientific Research, which is lo- 
cated here in Washington, and General Holzman is in charge of that 


ce. 

Mr. Sisk. General Holzman ? 

General Scurtever. Yes; Ben Holzman. 

This Office is responsible for developing a basic research program 
primarily with universities and laboratories, and its funds have been 
running in the order of 20 to 25 million a year for basic research pur- 


ses. 

4 Sisk. What is the fiscal year 1960 request for them ? 

General Scuriever. I think it is 23 point something. I can look 
itup, but it is a little over 23. 

Now, I want to make it clear that this isn’t the only place we do basic 
research. 

Mr. Sisk. Well, I understand that. But those particular agencies 
or groups that are involved in that are the ones that we are particu- 
larly interested in. Iam sure that there are others. 

General Scurizver. Now, I might say that we are looking now into 
the organization and management procedures of ARDC. There have 
been a number of studies made. You have probably heard of the 
Stever report. For two summers we had a group under Dr. von 
Karam at. Woods Hole, Mass., looking at the whole research program. 
We have had some inhouse studies. We are now looking at the or- 
ganization and management procedures of ARDC, and it may be 
entirely possible that we will consolidate our basic research efforts a 
little bit more. The Office of Scientific Research deals primarily with 
universities and laboratories. 

Mr, Sisk. What size staff does General Holzman have? 

General Scuriever. I just can’t give you that. I think we can look 
itup, and I will give it to you and furnish it for the record. 


(Nore,—The AFOSR has 36 military and 87 civil service personnel.) 


Now, this Office, the European Office for Research, is located in 
Brussels. This was set up about 6 years ago, primarily to take ad- 
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vantage of the basic research of an unclassified nature, made availabl, 
to us in NATO countries. 


This Office has continued to carry out just basic research in Europa, | 
I don’t have all of the statistics, but I can furnish that to you, too, a3 | 


far as their total effort. I think their total effort money wise was about 
$7 million last year, and if that isn’t correct, I will correct the record, 
It is in that category. 


Mr. Sisk. Now, their job is compiling and consolidating informs. | 


tion ¢ 

General Scuriever. They actually contract in Europe; yes, sir, 

Mr. Sisk. That is right. I believe that came out yesterday through 
General Wilson, that they actually make contracts. 

General Scuriever. Yes, they actually make contracts. But they 
are all in the basic research category. 

There have been some very good and profitable results from the 
research activity over there. 

One other byproduct which I consider very important is the estab. 
lishing of good working relations with the scientific personnel avail- 
able in the NATO countries. This ties in with AGARD. AGARDijs 


under NATO and is headed by Dr. von Karman. The Air Fore | 


primarily supports AGARD fundwise. 

I went to the AGARD meeting last year in Copenhagen. Getting 
together the scientific personnel in Europe I think does a lot to estab- 
lish good relationships. So I think you get an extra payoff in human 
relationship in addition to the basic research. 

Now, this is the Armed Services Technical Information Agency 
[indicating]. 

The Air Force is simply the executive agent and runs this for the 
Department of Defense. ASTIA is a technical document service to 
all of the Department of Defense and to industry. As a matter of fact, 
ASTIA furnishes information to any organization that has a legiti- 
mate right to these technical documents. 

Mr. Sisk. Well, now, with regard to these technical documents, is 
there any tie-in at all between that and the program, for example, 
conducted by the Library of Congress which has an extensive program 
in compiling and indexing all kinds of technical information, and so 
on. Now, is there any cooperative arrangements, or are these techincal 
documents you referred to something entirely separate and apart or 
a different type of document? In other words, what are “technical 
documents” as you refer to them there, General Schriever ¢ 

General Scurrever. Well, they are technical reports. Many of 
them are actually reports from foreign countries that have been trans- 
lated and put up into technical report forms that would be of value 
to industry, to our research and development activity. There are 
also reports from the services; all three services feed technical reports 
into this particular agency, and then there are actually certain organi- 
zations within the country, industry particularly, and military organt- 
zations and automatic distribution lists for certain types of technical 
documents that come into this organization. 

Mr. Sisk. Well, now, that is good, because that I would understand. 
You have some tie-in with the National Science Foundation and with 
the Library of Congress, and so on, which are compiling and trans- 
lating, and soon. 
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General Scuriever. That is right. 

It has been some time since I have been closely associated with 
ASTIA as an organization, so I am afraid I will have to plead a little 
ignorance here. I haven’t had time since I took over this new job to 
get into the details of it, but I do recall this organization from its in- 
ception. It was originally at Wright Field in Dayton, Ohio. It was 
moved to Washington, and I am positive, because I know that we 
would do it this way, that we do have a close tie-in with the National 
Academy of Science, the Library of Congress, and so on, but I can’t 
say this at the moment because I have not had the time to check that. 

Mr. Sisk. Well, I appreciate that it is a little difficult to be expert 
inall things in the job that you have to do, General. 

Go right ahead. 

General Scurrever. All right. 

Now, I would next like to cover the centers, the Air Research and 
Development Command Centers, 

They fall into, really, three categories: 

First, those research activities that are carried on in the centers; 

Second, the applied research or technical development programs, 
and 

Third, test and evaluation. ' 

Now, at Wright Air Development Center we cover just about across 
the board technical development programs. That is the applied re- 


search category where you are actually dealing with hardware and 


components with a specific end-use in mind. There are also certain test 
facilities there, but the advance of time and the advance of technology 
have made certain of these test facilities somewhat obsolete. Because 
itis in a very congested area, we cannot put additional test facilities 
there. That is the reason we have rocket facilities out in the desert in 
California and our wind tunnels down in Tullahoma, and so forth. 
But the Wright Air Development Center is still our largest research 
center for across the board technical development, materials, aerody- 
namics, all of the technical categories that are important to further- 
ing the research and development activity in the Air Force. 

Bis center also provides the technical support to this organization 
here, the systems management directorate; in other words, the analysis 
and evaluation of technical support. 

The systems management organization, as I stated, has the weapon 
systems Management responsibility. WADC provides it with tech- 
ee backup; that is, Wright Air Development Center in Dayton, 

hio. 

The Air Force Cambridge Research Center is primarily engaged in 
research activity in geophysics, and it is also involved in the tie-in with 
the Lincoln Laboratory and in certain electronics work. 

The Rome Air Development Center is primarily involved in the 
development of large ground radar and communication equipments. 

Arnold Engineering Development Center is located in Tullahoma, 


_ Tenn, There we have very large wind tunnels for propulsion and 


aerodynamic testing. 

I might say the AEDC facilities have been extremely valuable in 
supporting the ballistic missile and space programs. We are able to 
simulate conditions almost to a vacuum or simulate conditions up to 
about 150,000 feet with relatively large rocket engines. So we have 
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had some very fine tests there. We run tests on our ballistic Missiles 
to see the airflow around the tail section (the engine compartment) 
to see whether we are getting flow back up into the engine compar. 
ment. Actually, there were tests run there which discovered the diff. 
culty we were having in heating the engine compartments on Jupite 
and Thor missiles. So it has been a very valuable activity in support. 
ing the ballistic and space vehicle projects. 


The Air Force Special Weapons Center, located in Albuquerque | 


N. Mex., ties in directly with Sandia Corp. and the Atomic Ener 
Commission, and is involved in the integration of the atomic weapons 
with our delivery systems. 

Organizations shown on this side [indicating] are mostly our test 
centers. The Air Force Flight Test Center is located at Muroe Dry 
Lake, Calif. The X15, for example, is being tested there, All of oy 
new modern aircraft are tested there, because we have got a made-to. 
order runway of some 8 miles. 

The Air Proving Ground Center, located at Eglin Air Force Base 
Fla., has a very large area where we have several airfields, It js 
primarily for testing and evaluation of systems that are about to be. 
come operational, both aircraft and the shorter-ranger missiles, in- 
cluding the air-to-air missiles and missiles, such as Bomare and Nike, 
can be tested there. 

The Air Force Missile Development Center, which is located at 
Holloman Air Force Base, N. Mex. Our shorter-range missiles are 
tested there, like the Matador, Mace, and so forth. We have perhaps 
the best facility in the country from the standpoint of a sled track 
located there. We do much of our testing on the ground by using sled 
tracks. That is, we check and simulate acceleration forces on the 
ground rather than having to do it all in test flights. 

The Air Force Missile Test Center located at Patrick Air Fore 
Base manages the Atlantic Missile Range and Cape Canaveral. | 
think everybody is thoroughly familiar with that particular organi- 
zation. 

Incidentally, here tests are carried out not only on Air Force mis- 
siles but Army and Navy missiles as well; and also NASA and ARPA 
projects will be tested there. 

Mr. Sisk. Fine. 

Just one question now, General, before you leave that, and that is 
just a brief review with reference to the centers which deal almost 
exclusively with research, basic research, and so on. They would be 
Cambridge and Wright to some extent ? 


General Scurrever. Yes. There is one laboratory, aeronautical | 


research laboratory, which is engaged almost entirely in basic re 
search, which is located at Wright. 


Mr. Sisk. There is a substantial part of the work at Wright which | 


is of that nature? 
General Scurrever. Yes, sir, and also here at Cambridge; and toa 
smaller degree at Rome. This is all test at Arnold. However, there 


is some basic research involved in the testing that goes on in thes | 


large wind tunnels. There is no basic research at the Air Force Spe 
cial Weapons Center, and all of this [indicating AFFTC, APGC, 
AFMTC, and AFMDC] is test and evaluation. 

Mr. Sisk. Thank you. Fine. 
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Does the gentleman from Indiana have any questions with reference 
to that ? 

Mr. Rousu. No. 

Mr. Sisk. Go right ahead, then, General. That is a very good 
explanation. You have given a clear picture of some of the problems 
that you have in coordinating all of these various groups, agencies, 
centers, and departments. 

General Scuriever. It is a big command; and, as you can see, there 
are a lot of people reporting directly to me, and I am going to see 
if [can’t change that a little bit. 

I have tried to indicate resources here, just to give you a feel for 
the command. 

First of all, manpower—and I will give you a more detailed break- 
down on the manpower in the next chart—but there are 44,297 per- 
sonnel in the Air Research and Development Command. 


[OPERATING RESOURCES 


MONEY 
2.6 Billion 
MANPOWER 
44297 


1782 Billion 


Moneywise, the total Air Force program which the Research and 
Development Command has responsibility for is $2.6 billion. Al- 
though some of this money comes from the Air Materiel Command, we 
work directly with AMC in the management of the program. That is 
about what it was last year, fiscal year 1959, and that is about what it 
is this year. 

In installed facilities and equipment, we have almost $1.8 billion 
in the various centers in ARDC. And I think you can understand, 
if you have been down to the cape or seen the facilities at Tullahoma, 
where this money is, and the. rocket facilities at Edwards, and so 
forth; they are tremendous facilities. 

Mr, Sisk. That is what you would term “capital investment.” 

General Scuriever. That is right, capital investment in facilities. 
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These are Government facilities. 
Now, let me go into a little more detail on the personnel—gome 
44,000. 


PERSONNEL /otal44297 


MILITARY- OFFICERS 5844 TECH.OFFICERS 3,406 
AIRMEN 15292 TECH. AIRMEN 8,109 
C/V/LIAN- GRADED 14444  TECH.CIVILIANS 10, 
WAGE BOARD STIT INCL. ENGRs, SCIENTISTS, & TECHS, 
- EDUCATIONAL LEVELS of ALL ARDC OFFICERS 
15% HAVE AT LEAST A BACHELOR'S DEGREE 
25% HAVE AT LEAST A MASTERS DEGREE 
3% HAVE A PhD DEGREE 
EDUCATIONAL LEVELS of TECHNICAL OFFICERS 
93.5 HAVE AT LEAST A BACHELORS DEGREE 
34,5 Oo HAVE AT LEAST A MASTERS DEGREE 
2.5 Yo HAVE APhD DEGREE 


CIVILIAN SCIENTISTS ancl ENGINEERS (5000) 
92°%o AT LEAST BACHELOR DEGREES 
26% ADVANCED DEGREES 


There are 5,800 officers, about 15,000 airmen, about 14,000 graded 
civilians, and Wage Board, about 9,000, 

Now, going over to breakout of the officers from a technical stand- 
point—3,400 of them are technical; of the airmen, 8,100; and some 
10,000 technical civilians. 

Now, the educational level. Of all ARDC officers: 75 percent 
have at least a bachelor’s degree, with 25 percent having higher than 
a bachelor’s, 8 percent having a Ph. D. 

Of the technical officers, 93.5 percent have at least a bachelor’s 
degree, 34.5 percent have at least a master’s degree, and 2.5 per- 
cent have a Ph. D. 

Now, our civilian scientists and engineers—there are 5,000, drop- 
ping out the technical support personnel. Of those 5,000, 92 percent 
have at least bachelor’s degrees and 26 percent have advanced degrees. 

Now, I might say there is an active program going on throughout 
ARDC of on-the-job going to school. This is quite active. I have 
made a trip around to the various centers. I still have to cover a 
couple, and I was quite impressed by the enthusiasm that is bein 
shown in self-improvement, you might say, by the civilian personn 
going to school while on the job, and getting advanced degrees. 

Mr. Sisk. Now, before you leave that, do you have any other charts 
on personnel ? 

General Scurirver. No, sir, this is the only one I have here. 

Mr. Sisk. I would like to ask counsel, Do you have a copy of Sec- 
retary Charyk’s statement yesterday ? 
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Mr. Hines. Yes, sir, I will get it for you. 

Mr. Sisk. What I have in mind is this: I am trying to tie together 
some personnel figures which Secretary Charyk gave us yesterday. 
As I recall, there were some 44,000 military personnel and 10,000 
civilian. Now, what overlap is there? 

Colonel, you could probably make a comment on that. 

Colonel Stewart. Yes, sir. 

Mr. Sisk. I just wanted to clarify whether or not it is the same 
group of people we are talking about, or to what extent there is a 
difference. 

Colonel Srewarr. I was here yesterday. 

Mr. Sisk. I recall; yes. 

Colonel Srewarr. We mentioned a figure of 44,000, and I think you 
misunderstood, sir, because that was military and civilian personnel 
under the Air Research and Development Command. Then we also 
mentioned a figure of 54,000, if you recall, and this included some 
10,000 contractor personnel who we consider in the aspect of working 
for ARDC, for example, the contractor personnel at Tullahoma, at 
the Atlantic Missile Range. That is where the 54,000 figure came 
from, sir. 

General Scurrever. I can explain. 

You see, we have under contract, working directly for the Air 
Foree—Pan American and RCA, for example—operating the facili- 
ties at Patrick. We have ARD operating the wind tunnels at Tulla- 
homa; STL (Space Technology Laboratories) which is working di- 
rectly for the Ballistic Missile Division on the west coast. So I imag- 
ine that is where the 10,000 came from. 

I don’t have the breakdown, 

Mr. Sisk. Well, I appreciate that. And it wasn’t any attempt to 
trip anyone up, but to get clear in my own mind the figures, because 
I assumed that the 44,000 we are speaking of here was the 44,000 we 
were talking of yesterday. 

Colonel Stewart. Yes, sir. 

Mr. Sisk. But I understood yesterday that was all military per- 
sonnel, and I find now I was in error. 

Colonel Stewart. I was afraid yesterday you had misunderstood 
that, sir, because the 44,000 figure was a total of military and civilian. 

Mr. Stsx. So actually in total military here you only have—— 

General Scuriever. About 21,000, 

Mr. Sisk. So in the whole 54,000 we were talking about yesterday, 
about 60 percent of that 54,000 figure would be civilian personnel. 

Colonel Srrwarr. Civil service and contractor, sir. 

Mr. Sisk. Well, that is what I mean. 

Colonel Srewarr. Yes, sir; civilian personnel. 

Mr. Sisk. In other words, only about 21,000 are military. 

Colonel Stewart. Yes, sir. 

Mr. Sisk. Well, I am glad you clarified that, because I had the 
wrong idea. 

Colonel Srewarr. We are sorry if we confused the situation 
yesterday. 

Mr. Sisk. No, it was my own fault. But I am glad this is 
straightened out now. 
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Now I am sure my colleague from Indiana may have some ques. 
tions with reference to a couple of points. 
First, how much difficulty are you having in getting some of theg 


people, and second, how much trouble are you having in retaining | 


them ? 

General Scurirver. I can quickly cover this point, and then we cap 
get back to that. 

Mr. Sisk. Very well. You may proceed. 

General Scurirver. This merely indicates the many agencies that 
ARDC deals with. We start right out here with the White House, 
There is a great deal of informal contact, for example, with the 
President’s Science Advisory Committee. Sometimes it is formal, 
If it is formal, it comes through channels. But there is a great deal 
of informal contact, because we know many of the was on this 
committee, so there is much interchange here, and of course in the 
Congress. I have spent a good deal of time testifying before 
Congress. 


OPERATING RELATIONSHIPS 


KS; WHITE HOUSE 
OFFICE OF SECRETARY OF DEFENSE a CONGRESS 
—» 
ARDC) = 
SS _Z 
ARMY cont OTHER Gov'T AGENCIES 
UNIVERSITIES INDUSTRY PRIVATE RESEARCK GROUPS 


SCIENTIFIC AND TECHNICAL POTENTIAL 


Mr. Sisk. I wonder sometimes how much we impose on the time 
you need to spend on other things. 

General Scuriever. No, as a matter of fact, I have been around 
here long enough to realize that is part of our job. 

Mr. Sisk. That is part of democracy. 

General Scurtrever. Yes. 

Of course the Secretary of Defense—that goes right through chan- 
nels here, as you can see. 

I have explained there are some simplified channels as relates to 
the ballistic missile program. We have the ballistic missile commit- 
tee, headed by the Secretary of the Air Force, and actually for 
program approval and policy direction we go through that commtt- 
tee directly to the Secretary of Defense’s Office. At the DOD level 
there is a Secretary of Defense committee, or ballistic missile com 
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mittee, with the Under Secretary or Deputy Secretary as chairman. 
So we do get expedited administrative action in the ballistic missile 
<a going here to NASA, we are doing quite a lot of work with 
NASA, particularly in the space area. We are tied in with them on 
the Mercury project, the Centaur project. We have some special 
deep space probe projects. We have and are attempting to work out 
detailed working relationships with NASA in all of these areas. _ 

Of course, you realize, as you move from ballistic missiles into 
space, or you have military space programs, like our Century proj- 
ect, Discoverer, Midas, and so on, you are essentially using the same 
set of resources, so we have to work extremely closely with NASA. I 
have had a number of sessions with Dr. Glennan, working out details 
in this regard. 

Mr. Stsx. I am sure you have the same problem we have here on this 
committee; that is, this idea of jurisdiction. We have, of course, 
committees of the House which have jurisdiction over defense and 
over armed services, and yet at the same time your program, the 
weapons, the vehicles, and the hardware which you use are so inter- 
mingled and tied in with our space program that it is quite a 
complicated problem. : 

General Scurrever. Yet; it is quite a job. 

Mr. Sisk. That is right. 

General Scurtrever. Of course, in the aeronautics field we have had 
long, long experience in dealing with NACA, and that relationship is 
continuing right along. Like on the X15, for example, the NASA and 
also the Navy, as a matter of fact, are in on the X15 project. So this 
is definitely a joint program. 

Well, of course, there are many other Government agencies that we 
deal with directly, such as the Bureau of Standards, the new Federal 
Aviation Administration—agencies of that kind that we are dealing 
with directly. 

Mr. Sisk. Right at that point, General, let me ask you to what 
extent or what type of liaison do you have generally with, for example, 
the Bureau of Standards. I know that happens to be one agency that 
is under the jurisdiction of this committee. What type of liaison do 
you have, for example, between the Bureau of Standards and the Air 
Force? Or does the Bureau simply have liaison with the Department 
of Defense and then information filters down to the various branches 
of theservice?, How does that work out ? 

General Scurrever. I would have to check this. 

We do not—I am pretty sure I am correct in this: We do not have 
active liaison in terms of having an officer stationed with the Bureau 
of Standards. But I have been in the research and development busi- 
hess ever since the end of the war, mostly here in Washington, and we 
have always had very close working relationships with the Bureau of 
Standards, and they have been primarily on an informal basis. We 
know the people and we know what they are responsible for, what they 
can do for us, and we ask them to do certain things for us. In the 
past we have had—and I am pretty sure now they are doing certain 
projects for us which we are funding—I know that this has been so in 
the past. I am not sure where we stand at the moment. 

Mr. Sisk. That is fine. 
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General Scurrever. We have always had a very good relationship | 


with the Bureau of Standards. 
Now, Navy and Army. Of course, we do have liaison. The Na 
and Army have liaison officers at almost all of our centers. The 


have liaison officers out at the Ballistic Missile Division. They hayg | 


liaison officers here, actually, at ARDC Headquarters. So we main. 
tain close liaison with the Army and Navy. Of course, in certajp 
instances they do work for us, and we do work for them, and then cep. 
tain projects are joint. We carry on joint programs. This is pap. 
ticularly true in some of the space missions like the communications 
satellite program. The Air Force will have overall management, but 
the Signal Corps will actually develop the communications pack 

the ground communications stations, so we work closely that way, 

Mr. Sisk. Right here I want to pay a compliment to the boys at 
the working level between the services. They do a wonderful job, 
We find the relationship wonderful in spite of some of the rumor 
that we hear. 

General Scurtever. There is hardly ever any difficulty at the work. 
ing level. It is really in the mission area that the problems exist, and it 
is in the area of how many of this and how many of that should you 
buy to do a certain job. At the working level and in the research 
and development area, technicallywe work very well together. Of 
course, as to universities, this is another payoff we get from the Sciep- 
tific Advisory Board, because we have many university personnel on 
our Scientific Advisory Board, and we have developed very close 
working relationships with a number of leading universities in the 
country, particularly here in the research field. 

Of course, the Air Force policy, as you know, is such that we have 
depended almost entirely on industry to develop our hardware for us, 
There is very little in-house hardware development. Most of our 
work is aimed at analysis and testing and not in-house hardware 
development. We have depended largely on American industry for 
this, and of course private research groups have grown up consider- 
ably since the end of the war, and we do have a number of research 
studies, research projects with private research groups around the 
country, Stanford Research Institute being one example. There is 
quite a large number of them. 

Mr. Sisk. I guess Rand Corp. 

General Scuriever. Well, the Rand Corp., of course, it does not do 
research in the sense that they are playing with hardware in labora- 
tories. Rand has been doing systems analyses, operational analyses, 
technical studies as to the best use of technology in terms of 
translation into future weapon systems. I was just out there, asa 
matter of fact, last week and got a day’s briefing, and I, myself, have 
felt that we have always gotten our money’s worth from this type of 
operation. 

Well, this completes my informal remarks on this, if you would like 
now to get back to the personnel. 

Mr. Sisk. All right, General Schriever, I appreciate very much that 
explanation. I think it is excellent. 

Now, I would like to get back to a discussion of this personnel sitt- 
ation, with reference to the technieal, scientific know-how that 3 
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needed. Certainly, I know it is in tremendous demand in your 
organization. 

[his committee has had quite a number of days of hearings on the 
so-called manpower problem in the whole field. We have had the 

Je with NASA and have had other groups. 

Now, in your chart there dealing with personnel, we find that a 
substantial number of these people hold rather high degrees and are 
certainly very capable, and you have to have that type. How much of 
a problem are you having, General, in getting that type of personnel, 
getting a sufficient number of them, and to what extent do you have 
enough now, and so on 4 

General Scurtever. Well, there is a problem of bringing them in at 
the bottom. For example, each year we get a relatively large number 
of ROTC graduates in ARDC with engineering degrees, and, of 
course, we would like to have many of these people stay and take a 
regular commission if possible. Our experience has been over the past 
few years that about 90 percent of these boys get out of the service 
after they have put in their prescribed time. 

Mr. Sisk. About 90 percent ? 

General Scuriever. About 90 percent get out. 

Now, remember, they are Reserve officers and they do not have to 
stay in, but we would like to retain a higher percentage than that, be- 
cause these are all very well qualified young officers. 

Now, among our regular officer personnel the number of resigna- 
tions has not been very high. Once in awhile you get a few key people 
who move out. I know this has happened among my contemporaries, 
as I was moving up the line timewise, but, actually, our retention rate 
has been quite high, and I feel one of the most. important factors in 
retaining these highly qualified persons in the Air Force is not so much 
the pay but giving them the kind of leadership that permits them to 
feel that they are really doing an important job for the United States. 

Tam real happy to say that in the Ballistic Missile Division we have 
lost very few oflicers over the past 5 years, and one of the main reasons 
is that they have been highly motivated in the job they have been 
doing. 

This is extremely important. 

Now, in the civilian personnel area, I have not had time to make 
any kind of an analysis on this, but I did get a figure that our turn- 
over here is about 414 percent. In other words, we lose about 414 
percent per year. I can’t tell you right now whether this is good or 
band. I need to get into this and actually study it. 

We had contractor personnel on the west coast, and I have been 
somewhat out of touch with the civil service personnel. I am really 
not prepared to comment in detail on the ability to get civil service 
personnel in sufficient quantity and quality. However, I would be glad 
to provide you with a statement on this for the record, if you would 
give me an opportunity to look into it. 

Mr. Sisk. Well, as you know, General, and if I am not mistaken, 
even last year this was discussed at the time that you appeared before 
the select committee. I know many of the military people did appear, 
and we discussed this whole problem, that we are concerned with the 
demand for scientific knowhow and more engineers and more scientists 
and what we are going to do from the educational standpoint. We 
passed the National Defense Education Act and so on. 
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Of course, in your particular command it seems that you meet this 
problem face to face on about as large a scale as almost any single 
command in thecountry. And so that was the reason for my questio 


because I wondered to what extent you could use additional qualified | 


people who were physicists, chemists, electronics experts, and so on 
down the line. 

In other words, do you feel that delays are being encountered jp 
your specific operation because of a lack of sufficient numbers of people 
with these capabilities, or do you feel that you have enough to do the 
job at hand ? 

General Scurrever. Well, let me say this: In my trip to the centers, 
which I made here several weeks ago, there wasn’t a single center com. 
mander who said he had enough people. Of course, I expected that, 


but nevertheless it was universal that they didn’t have enough people — 


to do the job. 

I was very much impressed by the caliber of the people that I met 
and what I saw in terms of what they were doing, both the officer 
personnel and the civil service personnel. I think that to a degree the 
extent to which we move forward in this technological age is based on 
the number of people that we have available to push forward. After 
all, the people take the lead. They are the ones who have to push, 

Now, I don’t know how to evaluate, for example, the fact that the 
Soviet Union is turning out a much larger number of engineeri 
graduates each year than we are in the United States. I don’t know 
how to evaluate this exactly, looking 10 years into the future. I am 
concerned about it because I think by the mere weight of effort by 
personnel they might well move ahead of us in the field of 
technology. I don’t think they are today, but they certainly have 
made great strides since the war. I think everyone has to admit this, 
And how to evaluate the fact that they will have and continue to have 
more engineers pumped into their economy is difficult for one to do, 
It is a difficult thing to evaluate. 

Mr. Sisk. Well, then, of course we have the problem of the quali- 
tative as against the quantitative. 

General Scurrever. That is true, too; one system versus another. 
On the other hand, I don’t believe that it is wise to feel that they are 
not turning out very competent people. 

Mr. Sisk. Well, I agree with that. 


Now, let me say to my colleague, are there any questions that you | 


have? I don’t mean to take up all of the time. 

Mr. Rovusn. I won’t let you do that, Mr. Chairman. 

General Schriever, I believe the Air Force just graduated its first 
class from the Air Academy; is that correct, sir? 

General Scurrever. Yes, sir. 

Mr. Rovsn. Do you know what percentage of that class will be 
entering research and development work ? 

General Scuriever. No, sir; I can’t answer that. 

Mr. Rousn. Well, will they be utilizing some of these young men In 
your particular field ? 

General Scurrever. Yes; there will be some. 

I might say I recently visited the Air Academy and I was on an 
advisory board to the Air Academy several years ago, and they have 
a very forward-looking curriculum and system there, particularly for 
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those lads that show outstanding capabilities in the engineering field. 
this They do not have just a fixed curriculum. They permit outstanding 
igle students to take extra courses in subjects that they want to take. Of 
Ons, | gourse, there is a selection there, but they are largely in the field of 
fied | technology. 
) On Now, I made available to the Air Academy one of the most out- 

Y standing officers that I had in my organization on the west coast, 
1 in Colonel Blasingame, who was the Air Force Director for the Titan 
ople rogram. He now commands the Department of Astronautics, so I 
the think that the Air Academy is quite aware and sensitive to the need 
for a high degree of technical training, looking into our technical 


Omn- Mr. Rovusu. Now, concerning the ROTC graduates, do you have any 
hat, recommendations or suggestions in which the Congress might help 
ople by providing some incentive that might cause these young men to 
stay in the service and develop their talents in the service rather than 
met outside the service ? 
licer General Scurrever. No; I believe this is more a problem—well, it 
the stems, of course, from the economic situation that exists in the country 
don  atanyonetime. This goes in cycles, too, but also the military can do 
fter | a lot, I feel, to make careers more attractive on the technical side. I 
can't give specifics on this at the moment. I don’t think there is any- 
thing Congress can do at the moment to help. I think it is more of 
Ting an in-house problem. 
OW Mr. Rousw. One other thing concerning personnel, General: Are 
[ am you utilizing alien personnel to any extent? 
General Scurtever. Alien personnel cannot be cleared from a se- 
1 of | curity standpoint. There are some alien personnel in contractor 
have | plants—and I am not certain about whether we have any in the 
this | ARDC ornot. But they are not clearable from a security standpoint. 


have Mr. Rousu. What about the people working abroad ? 
0 do, General Scuriever. They are working on unclassified projects. Lt 


: is the basic research area there, and they are all unclassified. 
uali- Mr. Rousn. That is all, Mr. Chairman. 
_ Mr. Sisk. If you have any questions on any other line, you go ahead. 
ther.  Thave some more, and I will proceed, but you break in any time. 
y are I appreciate your comments on this personnel situation, General. 
It is of deep interest to all of us, and we hear so much about it that I 
_ was interested in having your comments. In faet, I asked the Secre- 
tyol tary yesterday, and General Wilson, if they had any recommendations. 
Of course, you have already stated that you don’t feel that Congress 
can do any thing on the problem right at the moment. Therefore, I 
= you would have no recommendations to us as to what we might 
0. 


| Tam deeply appreciative of the fact that we have so many dedi- 
cated officers who are willing, in spite of the fact that they could make 
three or four times their present salaries in private employment, to 
remain in their respective services. I have been much impressed with 
hen | the personnel that I have seen down at Patrick, for example, and at 
your installations out in Los Angeles, the Ballistic Missiles Division, 

and also with members of some of the other services down in Hunts- 


~ an | villeand so forth, and the terrific job they are doing. 
have 
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I do feel to some extent that something should be done to give the | 
people greater recognition. Whether or not it should be done with, | 
dollar sign on it, or regardless of how it should be done, I do feel tha | 
we must in:some way give, either from the standpoint of prestige oy 
otherwise, greater recognition to what I believe is a dedicated servicg | 
they are rendering to the country. 

Those are, of course, the things that I have been concerned with, 

General Scurirver. Well, I certainly agree with you. I think that | 
this matter of recognition and appreciation is a very important thing, 
Actually, the people working in the research and development busi. | 
ness and the procurement and production business are normally 
caught right in between, and instead of getting recognition they 
usually get beaten over the head for not doing this or not doing that, 
This, in itself, has an effect on officer personnel. I have felt all along | 
that if something could be done to provide greater recognition for 
the people who are in this kind of business, it would help a great 
deal. 

Now, whether or not from a money standpoint any additional 
compensation should be given for highly qualified technical personnel, 
it isa very difficult thing to administer. 

Mr. Sisk. That, of course, has been one of the realizations, and that 
is why I have mentioned whether or not it should be done witha 
dollar tag on it, because I can understand the real problem that you 
would be confronted with in your own command if we attempted 
to evaluate their service with a dollar tag. 

General Scuriever. That is right. These things often, instead of 
curing, make matters worse. 

Mr. Sisk. I can see where—— 

General Scuriever. Certainly, recognition is something that would 
be of great value. 

Mr. Stsk. Counsel ? 

Mr. Hines. General, I would like to make particular reference to 
the missile activity. Last year I had the opportunity to talk to several 
people at Canaveral. They cited me an instance—as a symptomatic 
condition—of a young officer they had working for them who was 
proselytized by the contractor. This man was a qualified keyman, | _ 
providing leadership to the Air Force missile program. He went to | 
work for the contractor. | 

Is this proselytizing by civilian contractors of Air Force personnel 
characteristic? Is tlis a thing that goes on all of the time? 

General Scurrever. Well, it certainly goes on to a degree. 

Mr. Hrnes. Is it to asignificant degree ? 

General Scuriever. No; I don’t believe so. I that that industry 
is quite circumspect here. Unless an individual gives some indication 
that he might be looking for a job, I think it is very rare that me 
actually take the initiative. This gets into a personal situation, so 
couldn’t speak categorically on the subject, but my own experience 
would indicate that what I have said is about right. 

Mr. Hines. And to some degree would you say that the talent of 
this individual would not necessarily be lost to the Air Force; he | 
would be working in the ballistic missile field for a contractor! 

General Scurrever. Well, of course, we have discouraged very much | 
as a matter of policy that an officer who has been working either | | 
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the procurement field or in the development field should leave the serv- 
ice and then go to work for one of the companies that work in this 
particular area. 
Mr. Hives. That was my next question. 

General Scurtever. Yes; we frown upon this very much. 

Mr. Hines And as you know, it is an item of interest at the mo- 

t. 

"Geverel Scurtever. It happens very rarely. 

Mr. Sisk. I am happy to hear your comment, General, because, as 
ou know, there has been, even recently, some substantial comment on 
that subject down here. In fact, just within the past few days there 
was actually an amendment temporarily adopted and then rejected. 
I don’t know how it could have been administered, but anyway, it 
ives significance to public feeling and certainly to the feeling here 
on the Hill about this problem. Involved here, I think, is a matter 
of ethics. Every man has to be the judge of his own conscience. 
Qnce a man retires or leaves the service, it is impossible for you to 
direct him as to what he can or cannot do. ‘ 

General Scurrever. That is right. I think you were referring 
more to younger officers leaving the service, resigning. 

Mr. Hines. That is correct, and I feel there is a direct relation to 
the future Air Force leadership in this area. When you have highly 
qualified people leaving, it is very difficult to get them back into the 
swing of military activities after they have left. 

General Scuriever. That is true. 

Mr. Hines. Except in cases of emergency, and then it is too 
late. 

General Scurrever. Of course, I have always felt that a man in 
the service has to carry a much higher degree of responsibility than 
he carries normally if he leaves to go to industry. This is true even 
though he might get paid quite a bit more. It has been my own view 
that a man can serve the country better by staying in uniform than 
getting out. 

Mr. Sisk. I have a question now, General, dealing more or less in 
general terms. 

You, of course, have served in times past in the operational end of 
the business, and now you are in the other end of the production line, 
so to speak, on producing, coming up with the ideas, coming up with 
the basic research, and so forth. 

I am bringing this up in connection with the item you quoted 
from the Rockefeller report, the last sentence, where you quoted the 
Rockefeller report as saying that one of the major weaknesses in our 
strategic posture has been our inordinately long leadtime. 

Now, do you have any general comments? Since you are now head 
of this R. & D. Command, what do you have to recommend, what do 
a feel is being accomplished, or what are your immediate or even 
ong-range objectives, in cutting down this leadtime in order to pro- 
duce and deliver in a shorter period of time to the operational people 
the things that are necessary to move faster in the field ? 

That is a long question. I realize it is a rather rambling question, 
General, but I think you get the point of the comments I would like 
to have you make. 
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General Scurrever. Well, I think I will elaborate a little bit on what 
I had in the statement here because I think the cure to this problem 
rests pretty much in the management approach and also cutting downy 
on administrative redtape. 

First, from a management standpoint, I think we need to be go 
organized as to be able to evaluate on a continuing basis technology ag 
it advances; in other words, get a good fix on the state of the art. Shs 
means basic research, it means applied research, and it means long. 
range analysis and study, development planning. 

I feel very strongly that we need to take the calculated risk to 
initiate weapon system development programs on the basis of technical 
feasibility. In other words, where you do not necessarily have all of 
the hardware on hand, on shelves, to put together, but rather you have 
established on the basis of the sound judgment of scientists and engi- 
neers both in the service and out, that we have reached a point in 
technologry where we can proceed with a system development such as 
was the case in the Atlas and Titan and which is now the case in the 
Minuteman program. It is equally the case in the B—70 progran, for 
example. This hardware doesn’t exist today for simply taking off the 
shelf and integrating and putting it together. But the best judgment 
of scientists and technical people indicates that we can achieve gys- 
tems having certain performance characteristics and configurations, 
So we initiate then a weapon system program based on the technical 
feasibility and need for the system at the earliest date that technology 
permits us to do this. 

Now, there is a certain amount of calculated risk involved in this 
because all of them are not always going to pan out. That is just part 
of the research and development business. But I think that in view 
of the fact that our race, militarily, is largely technological, getting 
these advanced systems, etealatty in the missile and space era now, 
getting them at the earliest posible date in order to maintain our de- 
terrent posture, I think we have to take these calculated risks today 


and downstream if we are to remain in a strong position vis-a-vis the 


US.S.R. 

Mr. Rovusu. Pardon me, General, but don’t you have a little difi- 
culty in getting the Department. of Defense to concur with that in the 
many instances that you would like for them to? 

General Scuriever. Well, I can say that I have had some difficulty 
in the past; yes. 

Mr. Rovusn. It is a rather expensive approach, isn’t it? 

General Scurirver. I think it is the least expensive, myself, but I 
don’t get agreement on this point everywhere because I think the 
longer it takes to develop a system the more expensive it really is in 
the end because you are maintaining the same overhead costs as you 
go down the line in developing a system. You are not saving any 
money by taking 8 years to develop something when, if you pushed it 
real hard, you could do it in 4, because actually in the end you would 
save money. 

Mr. Rousn. I had the impression, as I read your definition of the 
concept of concurrency, that this was the definition of what we might 
call a crash program. 

General Scurrever. Well, you might call it that. I don’t call ita 


crash program. I consider it a well-planned and well-programed pro 
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am where you take all of the elements that comprise a weapon sys- 
tem. Not just the hardware but the things that are needed to operate 
and maintain it, and do a complete planning and programing job in 
which you develop the leadtimes required for each element of that 

rogram and fund them concurrently. 

Now, granted there is one controlling factor here, and that is that 
the development program in fact substantially produces on schedule 
what you say it is going to produce. This is a matter, then, of hav- 
ing confidence in the competence of the people who make the judg- 
ment that this can be developed and it can be achieved in a certain 

riod of time. If you don’t have confidence in the people, and you 
don’t have competent people doing this, then I would say this is a very 
bad way of doing business. 

Mr. Ssvass. Well, I am tempted to agree with you. However, it 
seems we are in a brandnew field and that changes are taking place 
so rapidly that your missile of today is obsolete tomorrow. A pro- 
gram of this sort would be a more expensive program. If we could 
develop, say, and determine now that a given missile will be the one 
we need and will need for the next 10 years, it would seem like we have 
avery good concept. But we can’t do that. 

Genera) Scurrever. Well, you have to say that you need something 
at some point in time, and my point is, once you have decided that you 
need something, then you ought to get it as quickly as you can, because 
the more quickly you get it, the more useful life you will have out of 
the system. 

Mr. Rousn. Well, I think we both have a point. 

That is all, Mr. Chairman. 

Iam sorry to have interrupted. 

Mr. Sisk. Well, that is all right. I appreciate the exchange. 

It is a matter sometimes of actually determining what is the best 
method to proceed. 

I am inclined to agree that we are going to have to go ahead and 
take that calculated risk by producing all of the various components 
needed to have the total system ready at the earliest possible moment 
because, of course, only a part of a system isn’t going to be worth a 
dime by itself. If you develop only one part of a system and don’t 
have the other parts, we have no useful purpose to put it to. 

General Scurtever. I think the big problem is really being selective 
in the number of systems that. you choose to go through with. You 
can’t take a shortgun approach and try to develop every ssytem that 
everyone thinks is needed. You have to be highly selective, and this 
is where the decisions have to be made—at the higher level. But once 
a decision is made to proceed with that system and you evaluate the 
effectiveness of this system by many different ways of analysis, war 
gaming, and so forth, looking 4, 5, 6, years into the future, then you 
should proceed in my opinion on the management philosophy which 
Thave outlined in my paper. But you couldn’t do this if—let’s take a 


hypothetical number: If 50-odd systems were under development by 
the military, and this is all that you could afford with the economy 
of the country, and then you allowed the number of systems under 
development and to increase to say a hundred because there was no 
sharp focus at the decision-making level in weeding out the things 
that would not be profitable, then you would be carrying on a hundred 
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at a much slower rate than you would be carrying on 50. I think this 
is perhaps one of the difficulties that we have had in carrying out de. 
velopment work in this country since the war. I think we have had 
too many systems under development. 

Mr. Sisk. One more question along this line. Going back to the 
quote which I read from the Rockefeller report, do you feel, General, 
that this long leadtime is being cut in the very best ways that it could 
be done, or is there a failure to cut because of lack of money ¢ 

I would like to know what your feeling is, since taking over as com- 
mander of Air Research and Development, as to what extent that lead. 
time can be cut. As we get into new exotic weapons, will it get longer? 

General Scuriever. Well, I don’t believe that it is being cut to the 
extent that it should be. The only area where we are cutting leadtime 
now to the maximum extent is in the ballistic missile program area, 

Now, I want to make it clear that I don’t think that every research 
and development program should be carried out on the basis of this 
concurrency concept. I think that in some cases programs should be 
carried out strictly as a research and development program, where you 
have only a limited number of prototype vehicles out, because there 
may be some questions about the particular system, and yet there is 
a very good reason for development and other purposes to go on with 
the program. 

My feeling here is that we must weed out certain things that ar 
less important. I think we have to be practical, because there will 
only be a certain amount of money available. There isn’t an unlimited 
amount of resources available moneywise or, for that matter, of per- 
sonnel and other required resources. We should take our most im- 
portant systems, those that very definitely will make greatest contribu- 
tion to our military posture, deterrentwise, and defensewise, and those 
are the systems that I believe we should carry out under this concept 
of concurrency, and this, I think, can be done. 

I think you can establish an order of priority which will permit 
you to take the most urgently needed systems and proceed in that 
manner. 

Now, this becomes a matter of management and it becomes a matter 
of decision. 

Mr. Sisk. Well, going back for a moment to the statement that I 
made with regard to the jurisdiction of this committee and that por- 
tion of the Department of Defense appropriations and authorizations 
that might fall under the jurisdiction of this committee, and our con- 
cern with it, I am interested in what you think about the funding of 
a program which is in being and which would certainly seem to have 
a bearing on this question of leadtime. I am thinking now of what 
I understood to be the program outlined with reference to the Titan. 

As I said in the beginning, without desiring to get into the military 
aspect of this thing too much, but from the standpoint of research, it 
is my understanding that—at least current rumors are—that there is 
going to be some cutback in funding for Titan. 

Now, to what extent does that tend to slow down or to affect the 
rapidity with which we actually get or make operational these weap- 
ons? Would you makea comment on that? 

I don’t necessarily mean to get into the funding situation on Titan, 
because I don’t know quite what will happen. I don’t think any of 
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us know at this moment. But I am curious to know to what extent 
we in Congress disturb the continuity of these programs and to what 
extent this committee might assist insofar as the research and develop- 
ment programs of our space program and military program and so on, 
in seeing that there is continuity. It appears that continuity is im- 

rtant, more so in this field than any other field from the standpoint 
of national security. 

General Scuriever. Well, I haven’t received any information about 
cutting Titan, but I can give you an —— of what might happen, 
because, Whereas we plan and program and budget for all of the pro- 

am, in other words, the research and development, the tests, the 
‘production, the building of the bases, the training, and so forth, the 
funds come in various categories, 100, 200, 300, 400, 600 funds. What 
happens here is, suppose we had a cut in 300 funding—and this is 
for military construction—and we got all of the funds that we needed 
in the other categories for the Titan program, we could still continue 
our research and development program at the same rate that we had 
planned and at the fastest rate that our judgment tells us we can 
go. But if we had a cut in our military construction funds, it would 
throw the whole program out of balance. We couldn’t build the 
operational facilities and training facilities—I am assuming that 
there is some cut, and we have to chop out something here, and it 
could be in training facilities or operational facilities, so that that 
particular element of the program, then, would become the pacing 
one. How much you would have to slip your construction program, 
because of lack of funds, would be the amount that the program 
would slip in terms of getting an operational capability of a certain 
size. 

Now, I mean you will be able to get some, because I am assuming 
there would be some construction money left, but you would not be 
able to get what you had planned unless you got the total funds. 

Now, the same thing would apply if you had fund cuts in other 
categories, in that you would have to slip that element of the pro- 
gram, and that then becomes a pacing item. 

- That is the way it actually works in practice. 

Now, we haven’t had to contend with that yet in our ballistic 
missile programs. We have had to tighten our belt here and there, 
but we tee not had cuts which have actually affected the timing of 
any particular element of it. 

Mr. Sisk. Does the gentleman from Indiana have any further 
questions 

Mr. Rousn. I have no further questions. 

Mr. Sisk. Well, General Schriever, I think you have given the 
committee a very fine picture this morning of the scope of your com- 
mand, of the objectives you have in mind, and of the manner in 
which you are tackling your problems, 

That in general I think is what we were seeking. It seems that 
you have done a very excellent job, and we are certainly very happy 
tohave had you with us this morning. 

Does counsel have any further questions? 

Mr. Hines. Only one question, General. 


_ The Air Technical Intelligence Center is part of your command, 
sit not 
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General Scurtever. No, it actually is part of the Assistant Chief of | 
Staff for Intelligence. It comes under General Walsh. We wor, | 
very closely with them, but they are not a part of the command, 

Mr. Hines. One of the important aspects of your work is keeping 
abreast of foreign developments ? 


General Scuriever. That is correct. I 
Mr. Hines. And I assume you have a direct feed-in from ATIC? | 
General Scurtever. Yes. As a matter of fact, we have some of 
the technical officers located at—well, there is one at BMD and one gt 
Rome. So there is very close tie-in. 

Mr. Hines. Would this tie in at all with your overseas contracts? 

General Scuriever. No. 

Mr. Hines. That is all, Mr. Chairman. 

Mr. Sisk. All right. General, we appreciate very much your bein 
here, and the members of your staff who are accompanying you. We . 
are very happy to have all of you. With that, then, the hearing 
stands adjourned. 

Thank you. N 

(Whereupon, at 11:45 a.m., the subcommittee adjourned.) 9 
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BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH IN 
THE DEPARTMENT OF DEFENSE 


THURSDAY, JUNE 18, 1959 


House or REPRESENTATIVES, 
CoMMITTEE ON SCIENCE AND ASTRONAUTICS, 
Suscommirtee No. 2, 
Washington, D.C. 


The committee met, pursuant to notice, at 10 a.m., in room B-214, 
New House Office Building, Hon. Olin E. Teague (chairman of the 
subcommittee) presiding. 

Mr. Teacur. The subcommittee will be in order. General Trudeau, 
| we will proceed with your statement. They are reading a bill and 
amendments are being offered so we will not be allowed to sit after 
11 o’clock, but what we do not finish today and tomorrow I would 
like to confer with you upon, and try to get our subcommittee to- 
gether next week nd finish the whole thing. 

General TrupEAv. We will be glad to collaborate in any way. 

Mr. Teacue. Without objection I would like to place your biography 
in the record at this point. 

(The biography follows :) 


Lr. Gen. ARTHUR G. TRUDEAU, CHIEF OF RESEARCH AND DEVELOPMENT, 
DEPARTMENT OF THE ARMY 


Arthur Gilbert Trudeau was born in Middlebury, Vt., July 5, 1902. He was 
graduated from the U.S. Military Academy in 1924 and commissioned a second 
lieutenant of Engineers. Prior to World War II he served with various Engineer 
| units and the National Guard. In 1942, General Trudeau became the chief of 
| staff of the Engineer Amphibian Command. He was sent to the Pacific that 
| year to assist in planning for amphibious operations. Later, he organized and 
commanded the 4th Engineer Amphibian Brigade and then was reassigned to 

Washington where he served until 1945 as director of military training, Army 

Service Forces. This duty was interspersed with special missions to Italy, 

north Africa, and Great Britain. In June 1945, General Trudeau was named 

G3 of the newly activated Army Forces, Western Pacific, and later he com- 

manded base X in Manila. 

In 1948 he commanded the 1st Constabulary Brigade inGermany. He returned 

to the United States in 1950 to serve as the first deputy commandant of the 
reactivated Army War College. During the Korean war, General Trudeau’s 
service included assignment in Japan as assistant division, and later, division 
commander of the Ist Cavalry Division and as commanding general, 7th Infantry 

Division in Korea. After the armistice he served as assistant chief of staff for 

intelligence. Two years later he returned to Japan as deputy chief of staff, 
Far East and United Nations Command. He returned once again to Korea, 
in 1956, as commanding general, I Corps (group). On April 1, 1958, he assumed 
his present post of Chief of Research and Development, Department of the Army. 
| General Trudeau holds a B.S. degree from the U.S. Military Academy and 
_ & MS. degree in civil engineering from the University of California. The 
degree of doctor of laws, honoris causa, was conferred upon him by Seattle 
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military career he has been graduated from the Engineer School; Command and 
General Staff College, and the Army War College. 

Decorations: Distinguished Service Medal with Oak Leaf Cluster, Silver Star 
with Oak Leaf Cluster, Legion of Merit, Bronze Star, Air Medal, and A 
Commendation Ribbon, He also has been awarded many foreign decorations, 


January 31, 1941; lieutenant colonel, December 24, 1941; colonel, June 24, 1949. 
brigadier general, August 10, 1944; major general, September 19, 1952; lieutenant 
general, October 18, 1956. 


Mr. Teacur. General, with that, we will let you go ahead. 


STATEMENT OF LT. GEN. ARTHUR G. TRUDEAU, CHIEF OF RESEARCH 
AND DEVELOPMENT, DEPARTMENT OF THE ARMY, ACCOMPA. 
NIED BY GENERAL DICK, GENERAL ELY, AND GENERAL BRIT. 
TON, RESEARCH AND DEVELOPMENT, DEPARTMENT OF THE 


FOR SCIENTIFIC ACTIVITIES, ARMY CHEMICAL CORPS; DR. Roy 


TECHNICAL DIRECTOR, ARMY QUARTERMASTER CORPS 


General Truprav. Mr. Chairman and members of the commi 
it is both a privilege and a pleasure for me to appear before this | 
distinguished committee to present the Army’s research and develop | 
ment program. The Committee on Science and Astronautics, as its 

name clearly implies, is placed in the very heart of our Nation’s de 

fense effort. The Army—and, indeed, I feel I can speak for all the 

armed services in this—is grateful for your interest, your work, and 
your support. Never before, I would think, has any committee of | 
the Congress—at least in a situation which is something less than a | 
“hot” shooting war—been faced with so many new and, in some | 
ways, terrible challenges. 

I have with me today in addition to General Dick, General Ely, and 
General Britton from my office, three of the Army’s top scientists 
Dr. Per K. Frolich is the deputy chief chemical officer for scientific | 
activities of the Army Chemieal Corps. Dr. Roy B. Power is the | 
technical director of research and development for the Ordnanee | 
Corps. And Dr. Ralph G. H. Siu is the technical director for the | 
Army Quartermaster Corps. These gentlemen are experts in their 
particular fields, and are here with me to respond to your questions 

I would now like to outline the Army’s research and development 
program and to place it in proper perspective with respect to the, 
missions assigned to the U.S. Army. 

In general, Army research and development has the objective of 
providing the most modern and effective weapons and equipment to 
meet the needs of the Army. This objective is accomplished first by | 
designing future weapons systems and material to support our latest 
concepts of organizations and tactics, to be superior to known ant, 
predicted enemy capabilities, to incorporate our newest scientific and 
technological advances. Then we must be able to integrate our weap: 
ons, organizations, and missions to evaluate their effectiveness 
achieve our predicted combat objectives. 


University and that of doctor of engineering by Manhattan College. During his 


Promotions: First lieutenant, January 1, 1929; captain, August 1, 1985; major 


ARMY; DR. PER K. FROLICK, DEPUTY CHIEF CHEMICAL OFFICER 


B. POWER, TECHNICAL DIRECTOR, RESEARCH AND DEVELOP: | 
MENT, ARMY ORDNANCE CORPS; AND DR. RALPH B. H. §Iq, | 
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The result must be to equip a continuing effective fighting force to 
meet any future enemy threats or any type or shade of war from 

lice actions and so-called limited wars to the general type of conflict 
that would spare no nation, no continent, from the horrors of a nu- 
clear conflict. 

] will not attempt to outline and define for you the types of con- 
flicts for which we have designed our national strategy and, in turn, 
that of the free world. I am sure you are well informed in this field, 
but I would like to emphasize the probability of recurrence of limited 
war. This would involve conventional land forces backed up by the 
necessary air and naval power. These would be capable of utilizing 
tactical atomic weapons if authorized. Other testimony to the Con- 

has listed 18 small wars since World War II. I think that Ko- 
rea was at least a limited war, limited to a geographical environment 
and limited to major land operations and objectives, as nearly 115,000 
of my Army comrades proved when they shed their blood and gave 
their lives on those forbidding Korean hills and in the rice paddies. 
That was certainly a measure of our determination to repulse aggres- 
sion, to remain free, and to meet the Communist challenge on the 
battlefield of the Communist’s own choosing. ‘That same determina- 
tion must be nurtured as a basic ingredient of our policy today. 

Today, and in the future, we must either be prepared to defend our- 
selves adequately—on any battlefield, on any scale of war—or be will- 
ing to accept the consequences. That is the national challenge which 
we must accept and be able to recognize and resist in any of its in- 
sidious forms if our Nation is to survive. 

The Communist intention is very clearly stated in their own 
words—and that is to destroy us. As a longtime student of commu- 
nism I cannot be deterred from that conclusion by honeyed words from 
the Kremlin. Yet there is still that segment of our population who 
would try to tell us otherwise, who through ignorance or intent would 
try to lull us to sleep, and suggest that we lie down as the lamb with 
the wolf and expect to wake up in the morning. This is the kind of 
cohabitation, called peaceful coexistence, that is undermining our na- 
tional will and readiness to meet the challenge. This is the kind of 
peaceful coexistence that the growing Russian bear advocates as he 
sits with you on an ice floe, while his pangs of hunger become uncon- 
trollable as twilight approaches. 

This is the way the Army views our present tenuous situation and 
in Army research and development we feel strongly that part of the 
counteraction requires a vigorous research and development program 
to provide better and more effective weapons and materiel. The 
Army, more than any other service, may find itself extended and 

robably overextended in both the general and limited types of war 

ause of the great preponderance of landpower and manpower ar- 
rayed against us. We must make every possible provision in our 

wer to recognize such conditions and make the Army an effective 
bhi force for land combat. 

As the Army’s Chief of Research and Development, my task is to 
develop weapons systems and equipment for a ground army, better 
able to fight and win and control the land. This is the single criterion 
for everything we do in research and development: Does it increase 
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fare, I know of none that suggests hostile or contested territory cap 
be either secured or held in absentia. Therefore, based on past his. 
tory and predicted future areas of conflict, we can only assume that the 
land battle is still a paramount possibility in the Communist chal. 
lenge for world domination. 

We are very much concerned with the dimension of time in Arm 
research and development. We know that we must meet this cop. 
tinuing and changing Communist threat with the broadest possible 
research and development program and the earliest possible ayail. 
ability of new equipment. I feel strongly that time is not on our side 
as of now. 

I have recently completed my 14th month as Chief of Army Re 
search and Development. As a result of intimate acquaintance and 
active supervision of our future development requirements, I haye 
found that emphasis is needed in some three general areas. First we 
must reduce our weapon leadtime. The elements of boldness, urgency, 
and proper planning and execution must be infused into our programs 
to cut down this leadtime. 

Mr. Tracur. General, would you like to stop there and elaborate a 
little on those statements, starting with “leadtime” and tell us exactly 
what you mean ? 

General Trupreav. Yes, sir. Leadtime is the time from the concept 
of an idea or a scientific breakthrough where we see a possible military 
application for it, on research, component development, testing and 
evaluation, and production. In other words, it is from the concept of 
an idea to the distribution of a weapon or weapon system in the hands 
of troops. Unfortunately, in some respects, in this country today, our 
leadtime runs from 8 to 10 years. This is not uncommon in industry; 
but the motivation in industry is one, of course, of what the market 
requires and one that has to be balanced against costs and production 
and particularly competition at the time. With respect to us, how- 
ever, it is direct competition with a tremendous and rapidly growing 
Russian industrial system. They operate under a system of direction 
from the Kremlin, under which their time going from research or at 
least applied research, to time of production of this weapon is esti- 


mated to run between 4 and 5 years, whereas ours is estimated to be8 


or 10. 
Mr. Teacur. Why, General ? 


General Truprav. A part of it, to my mind, revolves around prob- | 


lems that are inherent in our system. We establish so many safe- 
guards and each of the succeeding echelons of government establish 
additional safeguards to protect their own echelon to avoid blame for 
any possible failure. 

r. Teacur. Bureaucracy, then ? 

General Truprav. To a very considerable extent. From my per 
sonal view, there are changes that should be made in the law, and some 
are being considered. While I am not an expert on contract law, 
nevertheless I think that much could be accomplished. In other words, 
some reduction in time could be accomplished by simplification in 
management procedures to retain authority and direction at the top 


but decentralize the execution by giving appropriate responsibility to | 


persons at lower levels. 
Mr. Tracue. It is also more difficult to justify research, is it not! 
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General Trupeav. Yes, it is. Particularly with some people who 
are looking only for production of end items. Essential to this prob- 
jem of direction and authority for decentralization, is the require- 
ment for adequate funding and clear lines of responsibility for getting 
the job done. This is very important if we are going to meet the 
Soviet challenge. 

Mr. Txacur. Are you saying we do not have enough money in the 
Army research program / 

General Trupeav. As far as I am concerned, that is correct. But, 
of course, that is typical. No one ever thinks that they have enough. 

Mr. Teacun. Yes, but you reach a point, General, when you are 
just convinced in your own mind that there should be more. Of 
course, we all want money money and in the Army you want more 
men, as far as that is concerned, but where are we at that point? __ 

Is there really, in your opinion, a shortage of money for this 
research program ? 

eacel Trupeav. We are at the point, in my opinion, where we 
can barely prosecute the ideas, the concepts, the development of those 
weapon systems and related equipment which are considered the 
most. critical. 

I do not feel that the funds that are available permit us to operate 
in more than 50 percent of the areas in which there might be genuine 
progress, if we were able to expand our funds. _ 

Mr. Tracur. If anyone wishes to ask a question, they might do so. 

General, would you corament on this next sentence: 

There is a necessity for telescoping our projects so that the time from the 


conception of an idea until the time that the resulting hardware is in the hands 
of troops can be reduced to limit the present Soviet advantage in this area. 


Would you tell us specifically what you are talking about? 

General TrupEav. I would be be very happy to. I have always 
been one who has had great respect for Soviet scientific capability, 
and in fact when we get down to the basic sciences (the pure sciences) 
the Soviets and the Europeans as a whole have perhaps contributed 
as much if not more than our own people have. Our past advantages 
have been, to a very large extent, in the field of reshneliey. in our 
ability to standardize, in our ability to mass produce, and in our 
ability to do all the things which make American industry the fore- 
most in the world. But the degree of our leadership is decreasing day 
by day as other nations, and the Soviet, acquire the technological 
knowledge and ability to compete with us, and they are competing in 
many respects. 

It is apparent, therefore, that the knowledge that we have is being 
disseminated. Of course, anyone in America who makes any dis- 
covery has to be sure it reaches the proper periodicals or the news- 
a pal the following day, and this applies equally to our technologi- 
cal and scientific advances. This information is quickly published in 
technological journals that disclose, if not in toto, substantially what 
the nature of these scientific and technological advances are. We 
know at the present time there is such a rapid flow of this technical 
and scientific information to Russia through American periodicals 
that within 90 days, in most cases, they are able to translate, re- 
publish and distribute to those who have a need to know in Russia 
this important scientific and technical knowledge. These journals 
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are of an unclassified nature and are easily procurable on the market, 

Mr. Karru. You are talking about breakthroughs reported by 
industry and not necessarily the military ? 

General Truprau. That is correct. It is across the board, 

Mr. Karru. What is the situation if this breakthrough comes 
about as a result of technical know-how in the military? Then jg jt 
published in the newspaper the next day or in the technical maga. 
zines the next month ? 

General Truprav. Not necessarily. But almost all production, as 
far as the military is concerned, is handled by private industry, and 
any advantage we have is given to industry immediately. 

Mr. Karru. What you are saying is: ese the fact that we have 
greater technical know-how, perhaps, and, as a result of that, make 
greater technological advances than the Russians, by the time our 
leadtime and everything else is eaten up they can read all about this 
thing and probably be ahead of us 2 years. 

General Trupravu. You have it exactly. In other words, if they 
can acquire information on which we have spent years of research— 

Mr. Karru. We invent it any they make it. 

General Trupeav. That is right. And this enables them with 
the shorter leadtime to take the information which we are supplying, 
develop it and incorporate it in their own system and come up wit 
a finished item similar to ours or a weapon that is a counterweapon 
to the one we are producing before or at the same time our own comes 
into production. You cannot gain much in that manner. This is 
a national problem and applies to industry as well as the military. 

Mr. Karru. Thank you. 

Mr. Mr. Baumhart. 

Mr. Baumuarrt. I would like to ask you, General, if you havea 
corrective for this situation ? 

General Trupeav. This is a difficult one to answer, of course. I 
would be the last one to want to be oversecurity conscious. I sa 
that despite the fact I have been Chief of Army Intelligence, which 
perhaps gives me a greater appreciation of the importance of pine 
and the dangers of overclassification or oversecurity. Even tho 
this information is going to leak—if you want to call it that—n 
fact, it is literally published—still this is an inherent part of our 
democratic system and I do not think by and large there is any cor- 
rective, or any change that can be made. In other words, despite 
the weakness in the system—if you want to call it that—the demo- 


cratic values are more important than adopting the system that | 


operates from the Kremlin. 
But through management, through better funding, through sim- 


plification of restrictive regulations and practices, I think that much 
can be done. We have examples in the Army, for instance, and I 
would prefer not to name them, except perhaps to refer to the Jupiter 


missile and our ability to move promptly into space when we had | 
authority to do so. But there are examples where, by using authori: | 


zations that are within the law, but which are an exception, you 
might say, to the system of regulations, we are able to cut this lead- 
time by a matter of years. I do not think that this, being an excep- 
tional practice, can be adopted as a general practice, but I think we 
could move in that direction with considerable success. 
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Mr. Karta. Whom do you mean by “we” 

General TrupEAv. I mean in the Defense Establishment. : 

Mr. Kartu. Whose responsibility would that be? Who has to kick 
the ball to get it rolling? ‘ : aL 

General Truprav. It is certainly within the Defense Department. 
There is no question about that. And in connection with missiles 
in particular, exceptional procedures have enabled us to expedite 
missiles systems. We have what is known as the ballistics missile com- 
mittee. There is one at the eepsrtmeent level and one at the level of 
each service. I sit on the one that operates in the Army. The Chair- 
man is the Secretary himself, and members include the Director of 
Research and Development, the Assistant Secretary of the Army for 
Logistics, together with myself and a few other people in the Depart- 
ment. And through this means we are able to circumvent—that is 
not the word and that is the reason I say this purposely here—but 
rather to utilize authorizations within the law and exceptions au- 
thorized by the regulations which permit us to reduce greatly this 
leadtime. 

Mr. Mr. Chairman. 

Mr. Teacur. Mr. Moeller. 

Mr. Mortier. General, you are touching on a sore spot which has 
irritated a number of the members of this committee—this business of 
information leaking out to the gain and advantage of the enemy. 
Are you in a position to make recommendations? Do you feel hesitant 
to tell us what you think ought to be done or could be done? Is there 
not some way we could arrive at this and remain in the democratic 
framework, possibly permitting releases of information only through 
the military and releasing only what should be released? Certainly it 
is to the advantage of every citizen and taxpayer in this country that 
this be done. Are you in a position to make recommendations or must 
you remain silent ? 

General TrupEav. I am not in a position to make any specific recom- 
mendations here as of the moment, but it is a problem that is being 
carefully considered at the Department of the Army level. 

Mr. Moeiier. We have heard this from other branches of the serv- 
ice—that they, too, seem to be disturbed. 

General TrupEAv. I am sure that iscommon to all of us. 

Mr. Kartu. Everybody in the military and most everybody outside 
isconcerned about the leadtime. 

General TrupEAv. They should be; yes. 

Mr. Kartu. But they don’t come up with any answers. I under- 
stand now that you and I are in agreement that this leadtime problem 
and the solution thereto is in the hands of the Department. of Defense. 

And if we are all concerned about it, and we all think something 
should be done about it, and if those people who are in the Department 
of Defense are the ones who can do something about it, it seems to me 
that something should be done. 

General TrupEAv. It does to me, sir, and I have mentioned two or 
three ways already in which I think we could accomplish something. 
Since you have brought up the point I would like to mention one other 
area and this is a very difficult one for the military service. 

Suppose, for walled we get an idea and go into a feasibility study. 


Two or three firms make a study on how we could develop a certain 
weapon system and what the characteristics would be. 


arket, 
18 it 

lon, as 
have 
ut: this 
| with 
"ving 
wit 
eapon 
comes 4 
This is 
litary, 
have a 4 
I 
I 4 
whi 
Curl 
houg 4 
at—In 
of our # 
Ly 
lespite 
demo- 
n that | 
; much 
and I fi 
upiter 
ve had a 
athori- 
n, you 
lead- 
excep: 
ink we 
| 

| 


228 BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 


We select the plans submitted by one of those firms, but under our 
present system, there must be a competitive bid as to who develops 
the item, you see, again separate from the study. 

So, under a cost-plus-fixed-fee contract system there will be several 
bids. It has not been unusual, particularly in the past, for some indus. 
trial firm who has had nothing to do with it before because they haye 
a lower bid on a cost-plus-fixed-fee, to come in and, underbid the in. 
dustry, the laboratory, the corporation that has submitted the success. 
ful plan and thereby has required much knowledge and has the talent 
to go ahead and develop that plan. However, when you finally get 


through with the development of the prototype, you find that the | 


costs have gone up, the time has dragged on for perhaps another year 
while these people acquire the scientific and technical talent to do this 
work, which they have not had before. But as long as it is cost-plus- 
fixed-fee, there you are. You may have paid 50 percent more and 
lost a year. 

Mr. Karru. Can’t you put a time limit on it ? 

General Truprav. Yes, but how do you prove it if they underbid 
$100,000 and say they can do it in that time. You don’t find out until 
a year later that they cannot do it. 

Mr. Karru. If it is not done in a year, you don’t pay them. 

General Trupgav. Yes, but 

Mr. Teacur. You have still lost a year. 

General Trupravu. Yes, you have still lost a year. This organiza- 
tion can come up with a prototype and yet when you go into produe- 
tion, another firm that has not been in it before can come up with still 
a lower bid on production of the unit and get the contract. 

There are dangers in assuring the laboratory or the corporation that 
makes the initial study, “You go ahead and make the prototype and 
we will give you the production contract.” These dangers are quite 
evident particularly in the case of a high density item that might be 
very costly to the Government. Nevertheless, our ability to negotiate 
costs on items in production should be adequate to avoid these dan- 
gers. This is a place where time is really being lost. 

Mr. Tracur. We were talking about bureaucracy. I heard a scien- 
tist outside of the Defense Department say that a satellite could 
have been put up a considerable length of time ahead of the time the 
Russians did, if it had not been for bureaucracy. 

General Trupeau. There is no question about it. If Redstone 
Arsenal had gotten the go-ahead we would have had one up. 

Mr. Tracur. Do you now have the same situation, where there 
might be breakthroughs, if there were not problems of getting author- 
ity and availability of funds? 

General Trupgav. You have the question of availability of funds 
and authority. And those with the responsibility try to allocate the 
funds available within the limits prescribed. 

Mr. Teacur. We all realize Mr. McElroy has problems. 

General Truprav. Yes. 

Mr. Tracur. But we also realize there is level after level where 
decisions have to be made and frequently nobody makes a decision. 

General Trupgeav. I could not agree more. 

Mr. Wotr. Suppose for the sake of discussion the military garments 
of the separate services were taken off all men in military research 
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and development, and there was only one military research and de- 
velopment team, in this country, just one garment, and no Air Force, 
Navy, Army teams, would this help or hinder the problem ? 

General Trupeav. I think it would be the worst thing you could do. 

Mr. Wotr. Would you like toenlarge on that? _ 

General Truprav. Yes. The more you generalize, and the higher 
you get these echelons, the more they are talking from what they re- 
member, and not from what they know, and this is very important. 

You will have a lot of people with good memories that will be talk- 
ing about the highlights of the things that impressed them and that 
they remember. But when it comes down to an intensive knowledge of 
what they are talking about, they will not have it, and this is what is 
confusing our national problem today. You have got to live close 
to these things as well as know your business, and you achieve nothing 
by getting somebody in because he has a Ph. D. or M.S. to take over 
control of these things and take control away from the people who live 
daily with the problem. We can use that broad knowledge. We can 
use bright men who are detached and can distinguish the forest from 
the trees. But to have them take over and concentrate authority in a 

oup like this would be a monstrous thing, in my opinion. 

Mr. Wour. I merely asked it for discusison. I did not say I agreed. 
I just wanted to get a reaction from you. 

General TrupEav. I am very happy and I think you did. 

Mr. Karru. If you have 10 good men on the battlefield, trained to 
be good soldiers and they are good soldiers, are they not generally 
more productive so to speak than 1 soldier in the field ? 

General TrupEav. Ten? 

Mr. Kartu. Can’t they accomplish more for you than 1 person in 
the field, or can’t they accomplish more for you than 10 people broken 
down into groups of 2, in 5 different positions ? 

General TrupEav. Possibly. I don’t get the impact of your ques- 
tion. 

Mr. Kartu. My point is this, General: Following the question of 
Mr. Wolf, let us say we have 500 good scientists and good technical 
men, physicists and what not, in the armed services, some in the Navy, 
some in the Army, and some in the Air Force. The point is if you 
had all 500 working together, would this in your opinion be worse 
than if you had them separated into 5 groups of 100 each, working 
separately ? 

General TrupEav. Yes. I think they would all become generalists 
and I still don’t think any would know the intimate problem. 

Ican give you a better example, since you bring it up, in the British 
Ministry of Supply. 

The British x incorporated in their Ministry of Supply all 
research and development, so there is now much less intimate contact 
between the researcher and the soldier in the field. They were always 
far worse in production than we were and in my present estimate they 
are far worse in research and development than we are because the 
soldier who knows what he needs and the Ministry of Supply which 
is outside the War Ministry are so far apart there is no feeling for 
the soldier’s problem by the researcher. 

Mr. Wor. In other words, if the man who comes out of field has 
a feeling for the problems of the field, then he, working with scientists 
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in this particular area, would be better able to evaluate it than jf 
you put the whole group into a pool, so to speak? Why could you not 
do that and have men from the various services there to help the 
evaluation, or are we then back where we were before? 

General Truprav. I don’t know that you will get an evaluation, | 
don’t know you will even get a requirement placed upon you. This is 
what is happening in Britain today. : It is too far back to the Mip. 
istry of Supply to get something started. Not too much is being done 
in the way of research and development, compared to the effort being 
put on in this country. 

Mr. Har. To what extent is research and development of a par. 
ticular weapon or weapon system hampered by an established policy 
against the use of that weapon system ? 

General Trupeav. If you are speaking of atomic weapons, rel. 
tively little. Of course, the problem of atomic or nonatomie war jp. 
creases our problem of the weapon system because we really need 
weapons that can be used in either atomic or nonatomic war, accord- 
ing to the direction of the President. If you get into other fields, 
however, the inhibitions are very great. I refer particularly to the 
field of chemical and biological warfare. In this connection, of course, 
there are certain inhibitions as far as the American people are con- 
cerned, with respect to the use of chemicals. Despite the fact that we 
might use an atomic bomb that would burn a million people to death, 
we don’t burn a condemned criminal at the stake. We do shoot men 
in battle, but except for a military court we no longer shoot a con- 
demned criminal. The most humane way known to put a condemned 
criminal out of action is through the lethal gas chamber. Yet when 


we even mention the use of gas in warfare our people are terrified | 


and completely fail to evaluate the situation. This can be a great 
weapon and one of the things that concerns us, of course, is that accord- 
ing to best estimates the Russian forces in East Germany and Poland 
have considerable portions of their munitions in chemicals and we 
ought to be aware of the fact that they are likely to be used against us. 

Mr. Hatu. That is what I had in mind. 

General Trupeav. And we ought to be prepared to use them our- 
selves. This is one inhibition. 

Mr. Haxu. Does that type of thinking interfere with the develop- 
ment of these weapons? 

General Truprav. It interferes a great deal because again if you 
are not supposed to use them there is no military requirement estab- 


lished for my office to develop them under Dr. Frolich and the people | 


in the Chemical Corps. 

Mr. Hazx. You can develop them under your research and de- 
velopment. 

General Truprav. To a limited extent. But we are using the word 
“inhibit” here and it is a natural result that if you do not plan to us 


the weapons to a greater extent the funds devoted to such purposes | 


are very limited indeed. 

Mr. Tracur. All right, General, let us go on—do you have one 
other question, Mr. Wolf? 

Mr. Wo r. I probably can’t get the answer here now, but it has to 
do with regard to Russia getting our secrets. Are we going to have 
an executive session ? 
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Mr. Tracur. Yes,weare. 

Mr. Worr. I will leave it until then. 

General Trupeau. A few of the remarks here will be repetitive in 
view of the questions that have been asked, but continuing my state- 
ment, as you know, the Soviet’s present leadtime is considerably less 
than ours, and this means that they can take advantage of a new scien- 
tific breakthrough and produce a weapon that utilizes this new tech- 
nique in a much shorter time than we can. Or, they may be able 
to produce a counterweapon to one of our new developments that 
will neutralize or nullify its effect on any future battlefield. 

Now I would like to point out that we have produced some of our 
new Weapons in a minimum length of time. One of the Army’s 
proud examples In this category is the Jupiter ballistic missile which 
was siopeett ally fired in its tactical configuration only 3 years after 
the project had started. This proves that leadtime can be reduced, 
but only under the most urgent circumstances and maximum decen- 
tralization of authority. 

The other two areas where emphasis must be placed are adequate 
and timely funding of our programs and more streamlined man- 
agement at the Government, military, and industrial levels. This is 
a matter of great concern to all of us and I know that the Congress 
is taking a positive approach to these problems through committee 
actions and bills that have already been introduced. 

The need for this type of action for our research and development 

rograms is iy ime by the “quantum jump” for offensive com- 
bat that has been forced on us by the advent of the intercontinental 
ballistic missile and the intermediate range ballistic missile. 

I would like to interpolate here because this question of the “quan- 
tum jump” sometimes raises questions in the mind of the reader. 
By a “quantum jump” we mean a very substantial advance or a new 
breakthrough over an existing weapon system or piece of material 
This is in contrast to what normally happens in what we call product 
improvement. Better brakes, or a better transmission on a truck 
would be a product improvement, but it would be a very considerable 
jump if we changed for instance, to use an extremely simple example, 
to the gas turbine or to a vapor cycle engine in our vehicles, instead 
of the conventional gasoline engine as we know it today. 

Mr. Teacur. Would you comment right there, General, on the inter- 
change of information between different services and different com- 
panies working on research projects? Suppose there is a break- 
through at Redstone tomorrow, on something, when would the other 
services know about it? When would companies doing research know 
about it, across the country ? 

General Truprav. The question of communication within the mili- 
tary or between the military and industry is still a very difficult 
problem. 

This does not mean that it is not being solved to a fair degree. As 
far as industrial research is concerned, it is only reasonable that each 
company is very jealous of its trade secrets and its proprietary rights 
and there is certainly no effort made to exchange information of that 
sort. On the other land I want to pay the highest tribute to Ameri- 
can industry as far as the Army’s research and development is con- 
cerned, because we are given—I won’t say complete because that would 
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be unrealistic—but we are given reasonably complete access to all of 
the research and development being done by our principal corpora. 
tions and laboratories. 

Mr. Teacue. Take the recovery of a nose cone specifically. 

General TrupgEavu. Yes. 

Mr. Tracur. I understand the last project with the monkeys was 
an Army-Navy joint effort. 

General TrupEav. The Navy recovered it; yes, sir. 

Mr. Tracur. What problems or exchange was there between the 
Air Force and their last attempt and the Army-Navy attempt? Were 
there any specific problems which you solved ? 

General Trupgeav. Yes. In the medical field there has been ¢oJ- 
laboration. In the development of the nose cones there has been 
collaboration, and the nose cone they are going to use on the Thor 
now is quite similar to that we have been using on the Jupiter suc. 
cessfully for the last 2 or 3 years. The motors, generally speaking, 
are of the same configuration. Generally speaking, there is a good 
exchange of information between the services. 

Mr. 'TeacuEe. When I go home, I think one of the things that trouble 
our people most is this continuous talk of interservice rivalry, 

General Trupeav. I would say healthy competition can be good, 
One of the points Dr. York is making as Director of Research and 
Engineering for the Defense Department is to pull us closer together 
in the three services. I think he is being successful in that. The 
problem of reporting all the developments and eliminating non- 


profitable duplication is important but you still want to continue any | 


profitable duplication. 

Mr. Teacup. I agree with you, General, on healthy rivalry. I was 
at Redstone when the second nose cone came back. There was an 
Air Force team there that day. All information was made ayail- 
able to them. 

General Trupgav. Yes, sir. 

Mr. Tracur. When you got your monkeys back was all the informa- 
tion they might want made available to the Air Force then or any- 
thing they asked for ? 

General Trupeav. I don’t want to give you an unqualified answer 
because I am not informed as to that, but I could say with all assur- 
ance, Mr. Chairman, that that has been given to them and they have 
complete access to the biomedical information we have secured and 
anything else with respect to the nose cone recovery. Yes, I am sure 
there is a good exchange of information in that field. 

Mr. Teacup. Mr. Hall? 

Mr. Hatt. I have nothing now. 

General Trupeavu. We feel much more must be done and much closer 
collaboration must come about between the Army and Air Force re- 
search establishments between this point where we have put monkeys 
into space and the time man is put up there. This is true not just 
initially, but particularly when he will have to live for some time under 
an environment unfamiliar to him. Should I continue, sir? 

Mr. Tracur. Continue, please. 

General Truprau. We have just discussed the “quantum jump” im- 
provement in offensive capability. Continuing my statement: 

Necessary steps must be taken through our programs to see that this 
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i . It requires all the possible energy and 
t it is to place behind these impor- 
pan developments. We must support this posture of military 
ot oth if we are to foster a more positive and dynamic foreign 
7 At the same time, we need to take similar action to acquire 
defense against expanding enemy missile capabilities. 

Now, I would like to mention briefly the scope of our Army research 
and development program. Dollarwise, about 10 percent of the 
Army’s budget is devoted to this effort. The fiscal year 1960 budget 
contains $1,046 million for the research, development, test, and evalua- 
tion amount we plan to obligate $90 mil- 
asic and applied research. 

Tove is that $90 million obligated? To whom and 

eeneral Trupeav. The $90 million? What happens is this. Each 
technical service, either on their own initiative or at our direction, 
submits its plans for basic research, and recommends how much should 
be expended in various fields. That is considered by the staff in my 
office, and within our expected budget for the coming year we allocate 
the funds to the technical services, to be expended in such and such 
scientific fields or subfields of research. This covers both the physical 
and the social sciences, which latter cannot be neglected either. This 
proposed budget is then gone over by what is known as the program 
advisory committee, in the Army. 

Mr. Teacur. Where? 

General Truprav. In the program advisory committee. They 
either approve or disapprove. They question us at some length. 
Most of Rees are contemporaries of mine, who are dealing in other 
fields, but have questions. ; 

Mr. Teacur. General, is it possible the Air Force would be doing 
the same as you are doing? 

General TruprAv. Do you mean the same procedure ? 

Mr. Teacur. Is it possible your research projects would be dupli- 
cated in the Air Force or the Navy ? 

General TruprAv. Yes—yes, absolutely. I am sure, for instance, 
all of us are intensively engaged in propellent research but we have 
different approaches, different formulas, different purposes. 

Mr. Tracur. Because no one knows the answers ? 

General TruDEAU. Because we don’t know the answer and Defense 
has felt we have to know more. To give you a specific problem, when 
you develop a propellant for the Polaris, for instance, this would be 
a important thing but comparatively useless toward solving the 
Army’s problem in developing propellants. You may say this is what 
the Army thinks. But I will tell you why. We are talking about a 
solid propellant now. The Polaris is stored in a submarine under 
relatively constant conditions of temperature and humidity, perhaps 
por beg not more than 10°. But if you have to develop a missile such 
asthe Pershing, you have to develop a propellant that will function at 
temperatures ranging from 60° below in the Arctic to 125° when ex- 
posed to the sun of the desert. Believe me, gentlemen, this is quite a 
different problem. We are both working on propellants but we have 
widely different problems because of the circumstances under which 


| the different propellants will be used. 
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Mr. Teacue. Right. 

General Trupgav. An additional $60 million—not included in the 
above figure—is spread through the other areas of research and de. 
velopment for supporting research. These other areas include $543 
million for missiles, $68 million for mobility, and $224 million fo, 
other types of Army equipment. 

Mr. Wotr. How is this $543 million broken down as to the type of 
missiles that are being researched, long-range, short-range, tactical 
support—that is the question. 

eneral Trupeav. In that $543 million—and I wish my expert back 
here to correct me if I am incorrect—the bulk of that is for the Nike. 
Zeus program. 
Mr. Worr. Do you have an actual figure ? 
General Trupgav. Yes; $239 million Nike-Zeus and $130 million— 
approximately, for Pershing. Therefore, you will see that $370 mil. 
lion or aa a of this is taken out by these two very important 
missiles. I have the figures on our other missiles if you would desire 
it submitted for the record. 
Mr. Wo tr. I was just interested in what type of missile is being de. 
veloped and if any money is being spent for tactical support-type mis- 
siles for use under battlefield conditions. 
General Trupgeau. Yes. We have Mauler, which is an antiaircraft 
missile which we hope to fund this year. We have Redeye which isan 
individual shoulder weapon. We have Lacrosse, we have the Ser 
which will replace the Corporal. This is a much smaller, much im- 
proved solid propellent missile as contrasted with the liquid propellent 
missile Corporal. 

Mr. Wotr. The amount of money needed for a series of these smaller 
weapons is much less, and because of the type of weapon is not nearly 
so expensive ? 


these surface-to-surface missiles that we have, is less than on the Per. 
shing, itself, and much less, of course, than on Nike-Zeus. 

Mr. Wotr. The reason I am pursuing this is because I have got a 
theory, possibly based upon lack of knowledge, that if we are able to 
develop a deterrent from nuclear attack, from the intercontinental 
ballistic missile, why can we not also develop—I think you said 18 
small wars. 

General Truprav. Yes. 

Mr. Wor. Why can we not develop the type of weapons so power- 
ful, nuclear if they have to be, that we can also deter the small war 
from happening? 

Mr. Teacur. Would the gentleman yield? 

Mr. Wotrr. I would be happy to. 

Mr. Tracvr. I have informed the general you are interested in the 
field and we plan an executive session where he will discuss it fully. 
Mr. Worr. T did not know that. 

General Trupeau, Yes, 

Mr. Tracue. We are not going to be able to finish. We will be 
back tomorrow and will try to work out other days where we can give 


sent. 
Mr. Moetxter. Will we go into executive session today ? 


the general a chance to present every single thing they want to pre | 


General Trupgav. It is only a fraction. The research cost of all | 
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Mr. Teacue. I think not. Maybe tomorrow. Go ahead, General. 

General TrupEav. The remaining $121 million covers the operation 
and management of our research and development installations, and 
funds for certain Department of Defense agencies which are carried 
inthe Army budget. 

On the actual execution of the program, I will mention first our 
work in research. We conduct. a substantial amount of basic research 
in addition to applied research and development. 

Most of the basic research is contracted to industry and to some 123 
colleges and universities. Sixteen major fields and 74 subfields are 
covered from mathematics, human factors, and medical projects, to 

lar and arctic research. We will continue to stress basic research 
feeanse without it, there would be little future development. As a 
matter of fact, our technological progress today is the chief determi- 
nant of the weapon evolution during the 1960-70 period. .We can 
never aflord to neglect basic research and the Army wants to do more 
of it whenever we find applicable projects to further this increase of 
scientific knowledge and I should add, and have the funds to do so. 

Such research is not confined to the physical sciences. Also vital 
is the investigation of the social sciences to help us utilize more effec- 
tively our manpower and insure man-machine compatibility with the 
complex engines of war being developed. Should we neglect these 
important considerations we only aggravate the trend in which the 
physical sciences are outstripping the social sciences and may, in 
time, reach a point where the machine may destroy its maker. 

Applied research and development leads directly to support for the 
Army’s mission of defense for our Nation. 'To cope with any poten- 
tial enemy, we must be able to move, communicate and shoot on any 
future battlefield—whether atomic weapons are used and whether we 
are on the plains of Europe, the deserts of the Middle East, the snowy 
wastes of the Arctic, or the jungles of Africa. 

These battlefield requirements always apply directly to the soldier 
incombat. In fact, 1 would like to stress that much of this research 
isoriented toward that lonely man on the battlefield. We must never 
forget him in our concern for the more spectacular developments that 
constantly create newspaper headlines. The American fighting man 
must be utilized to the maximum possible advantage for the defense of 
his Nation. He must be equipped with the latest machines of war 
and capable of operating and maintaining them. 

I would like to outline for you now, the areas of interest of our 
research and development effort for the coming year. First, the Army 
gives extensive support to the National Aeronautics and Space Ad- 
ministration and to the Advanced Research Projects Agency. Many 
of the satellite programs of these new agencies will give direct sup- 


port to Army requirements in mapping, communications, meteorologi- 
cal data, surveillance, and navigation. We are proud of our re- 


-peatedly demonstrated capabilities in the field of missile and space 


exploration, Our extensive scientific capabilities in this field should 
hefully exploited for the good of the Nation. 

Mr. Karrn, May I ask a question? 

Mr. Teacur. Mr. Karth. 

Mr. Kartu. Not too long ago one of the very important people in 
one of the major services suggested that NASA should be eliminated 
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because it was too duplicative of, I guess, his own research agene 
What do you think of that? I mean here was some one apparently 
disagreeing about this friendly competition. Or is it good to haye 
duplicating agencies, because you might have a break-chrougl from 
one 

General Trupeav. I do not think it is time to make that evaluation 
yet. After all, NASA is a new agency. It is quite a shift for them 
from aeronautics into space, despite the fact that they certainly wer 
well qualified in space. I think the civilian agency and the military 
agency should be permitted to continue for another year until it can 
be properly evaluated. Actually, the primary interest in space todg 
must be recognized as a military interest in my opinion and this js 
not to depreciate the importance of the long-range civilian aspect, 
But we are meeting a threat and we are in competition with the ’ 
est power and the test threat that this Nation has faced. 

r. Teague. I did want your comment on that suggestion, General, 

General Truprav. Yes, sir. Returning to my text, I would like to 
discuss the very important combat aspects of mobility, communica- 
tions and battlefield surveillance, firepower, and logistical support 
which will make for the most effective and coordinated use of our 
future capabilities. 

On improved mobility for our forces, we are gearing our programs 
to the concept of the pentomic battlefield where wide troo Sena 
is required. We are seeking real off-road capabilities for our land 
vehicles since the Army has to be prepared to fight over all the varied 
terrains of this earth and not on the paved roads of America. We 
are making substantial progress without wheeled and tracked vehicles 
in this regard but more needs to be done. In the air, we need air- 
craft that fly low and slow above the “nap” of the earth. Not only 
do we want to hug the earth with these aircraft but we must navigate 
over the terrain as quietly as possible. 


This program in aircraft research is now beginning to have more | 


impact. We have many types of flying vehicles in various stages of 
development. What we want is an aircraft that has the vertical 
takeoff and landing characteristics of the helicopter coupled with 
the characteristic of a fixed-wing aircraft in forward flight. There 
is such a concept now under development. 

In the field of communications and combat surveillance which 
includes electronics, we find great technical advances being made. 
It is here that we are striving to match the requirements of the dis- 
persed battlefield as well as the intelligence requirements to rapidly 
locate targets for our new missile weapons and the others that are 
to follow. Electronics in general has seen a tenfold increase since 
World War II and another tenfold increase can be expected by 1970. 

This is the fantastic area of development where the old vacuum 
tube circuits are now being microminiaturized to one-tenth, one- 
hundredth, and even one-thousandth of their original size and vol- 
ume. This will be a tremendous savings in bulk and weight and in 
power requirements for an across-the-board application to all types 
of Army equipment. 

In the field of combat surveillance we now have better photographic, 
radar, infrared, and television means under development to survey 
the battlefield and assist in location of enemy targets. Our aircralt 
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rograms will give the Army commander a capability of surveil- 
oe for hundreds of miles forward of the most advanced combat 


Tr would like to mention here the importance of the various labora- 
tories of the technical services. These facilities are spread all over 
our Nation and contribute substantially to civilan programs as well 
as to the military. As an example, our electronic warfare center at 
Fort Huachuca in Arizona has already contributed an untold amount 
of knowledge to the electronics industry. And speaking of these 
Jaboratories, some of which are located in our arsenals, I would like 
to emphasize that most of the work centered there is accomplished 
by industry, private research institutions, and educational organiza- 
tions which have contracts with the arsenal and the technical services 
concerned. As an example, the Ordnance Corps at Redstone Arsenal 
in Alabama spends most if its ballistic missiles and space money 
outside the arsenal. Only 12 percent of those funds are expended 
on inhouse effort. 

In the area of firepower, the development of weapon systems today 
is so rapid that it is hard to envision what lies ahead between now 
and the turn of the century. While the horse and lance remained im- 
portant weapons of warfare for more than 2,000 years, the manned 
airplane as a weapon of war may last less than 100 years because of 
the advance in missilery. The heavier weapons of today are rapid] 
seeing transition from the kinetic energy shell of artillery cannon an 
weapons of all calibers to rockets and missiles of varying types and 
ranges capable of projecting warheads of conventional chemical or 
nuclear types with great accuracy for hundreds of yards or miles. The 
advance of scientific knowledge is already resulting in the obsolescence 
and obsoleteness of missiles considered the most advanced in the 
world only a short 5 years ago. The Army is attempting to keep the 
number of its new missile systems as small as possible in the interest 
of simplicity and economy. However, each missile we are develop- 
ing has a dehnite and specific mission to support our combat plans. 

asically, the Army has two objectives in the development of mis- 
siles and rockets. First, we are, of course, a major contributor to an 
effective air defense for the continental United States. We are also 
responsible for the air defense of our field units deployed overseas and 
the installations which support these forces. This mission establishes 
our requirements for surface-to-air missile systems. As you know, we 
are most concerned with the threat of the ballistic missile and we look 
toward the development of the Nike-Zeus antiballistic missile system 
as the only effective answer to this threat in the foreseeable future. 
We need it today. 

Secondly, the Army is striving to provide a wide variety of fire- 
power with a spread of ranges sufficient to support land operations in 
either general or limited war. This is the basis for our requirements 
for surface-to-suface missiles. We ae now working on a family 
of such missile systems to support our land troops from the battle 
group through the field army. 

I mentioned that the subject of logistics is very vital to our battle- 
field concepts of the future. We are concerned with logistics as it 
applies to the strategic movement of Army forces in long-range troop 
aireraft as well as to the troopships that move over the seas. There is 
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much to be done in both of these areas if we are to have the strategically 


mobile forces that are required for the limited conflicts that at beg 
are likely to continue to flare up along the perimeter of the Communigt 
borders. We are seeking any way and any means to move the tre 
mendous tonnages that are needed to fight this modern war and par. 
ticularly to lighten this load. 

Now to execute this important work I have been describing, one of 
the most important requirements is for people—good people. I yp. 
derstand the committee is particularly interested in the numbers 
of civilian and military personnel now actively engaged in our pro. 
gram. I have some figures which provide that information. 

Overall, a total of 9,935 military and 19,639 civilian employees are 
included in the fiscal year 1960 research, development, test, and evalu. 
ation budget. Since many of our personnel work on more than one 
project or program, we do not attempt to identify numbers with 
specific development items or by budget program. We do, however, 
have the allocation for each developing agency. Mr. Woodside, my 
financial adviser, who is here with me, can give you these details at 
the completion of my statement or I can supply such information for 
the record if you so desire. 

Before closing, I would like to say a few words on the Army's 
organization for research and development. The Office of the Chief 
of Research and Development acts largely as a directing monitori 
and coordinating agency for the research and development effort at 
the seven technical services. The actual research and development 
work, both that which is conducted in the Army’s arsenals and labora- 
tories and that which is done by contract to non-Government agencies, 
is carried out almost exclusively by the technical services. These 
are the Chemical Corps, Corps of Engineers, Ordnance Corps, 
Quartermaster Corps, dignal Corps, Medical Services, and Trans- 
portation Corps. 

If I may digress from my prepared text for a moment, I might 
mention that we have in preparation a unique booklet which provides 
a comprehensive description of the research and development skills, 
capabilities, facilities, and resources of the Army Technical Services. 
In view of your interest in our Army research and development pro- 
gram, I would like to offer you copies of the document. 

Mr. Tracur. General, we would like to have it. 

General Trupgavu. They are brandnew. 

(Material referred to appears in appendix. ) 

General Trupgav. The major portion of this work is conducted by 

rivate industry and non-Government organizations. At present we 
nave upward of 4,000 contracts, spread all across the Nation and 
ranging from the giants of industry such as Western Electric and 
RCA down to very small business organizations and independent 
researchers. In addition, in-house work is conducted at 52 Army 
installations—44 in the continental United States, Alaska, and 
Canada, and 8 in the Far East and the Caribbean. The result of this 
widespread distribution of Army research and development, both 
geographically and between industry and Government, provides an 
excellent base for exploiting the scientific potential of this Nation. 

Now, as I come to the conclusion of my own statement, I would 
like to borrow two statements, these from history, that vividly illus- 


— 
=> 


B 


cou 
Co 
ane 
circ 
reg 
ant 
ho 
to t 
ma, 
( 
ove 
ent 
res 
an 
giv 
sea 
De 
Th 
| ] 
Col 
in 
r 
] 
is 
m 
= 
pa 
— 
to 
an 
| 
| 
} | 


BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 239 


trate what I believe our present situation to be and what the future 
could have in store for us. Cassius Clay, our Ambassador at the 
Court of St. Petersburg in 1861, wrote to Secretary of State Seward 
and made this prediction : 

Russia and America will each advance in opposite directions until, both having 
eircumnavigated half of the globe, they will meet and greet each other in the 
regions where civilization first began. 

A number of years later, in 1915, Hudson Maxim, a great inventor 
anda very stanch patriot, made a statement about something that we 
hope will never come true in this country. We must be prepared to 
prevent it. He said: 

Fate has decreed that our pride shall be humble,d and that we shall be bowed 
to the dust. We must first put on sackcloth, ashed in the embers of our burning 
homes. Perhaps when we build anew on the fire blocks and desolation, our mood 
may be receptive of the knowledge that we must shield our homes with blood and 
brawn and iron. 

Gentlemen, I have given you some reasons for my serious concern 
over the situation in which we presently find ourselves. We have an 
aggressive research and development program that is backed by an 
enthusiastic Army with its mission in national defense. In Army 
research and development we are intensely interested in prosecuting 
an adequate and dynamic program to meet our future needs. I have 
given you a broad outline and some personal reflections on our re- 
search and development effort and why it is so vital to our national 

ure and future. 

You will also hear from the Director of Research, the Director of 
Development, and the Director of Special Weapons in that order. 
These Directors will then also be available, as am I, for your questions. 

I greatly appreciate my own opportunity to appear before this 
committee, and I stand ready with all of the personnel and resources 
at my command to keep you fully informed at all times. It would 
indeed be a pleasure to do so. 

Thank you. 

Mr, Tracur. Thank you, General. We must adjourn. The House 
is in session. 

General Truprav. Yes. 

Mr. Mortier. May I ask a question ? 

Mr. Tracur. May I first inquire, what about meeting at 9:30 to- 
morrow ¢ 

Mr. Mogtier. It is OK with me. 

Mr. Teacur. Is that all right, General ? 

General Truprav. Yes, sir. 

Mr. Moetier. We will see you again, General, but I want to say we 
have heard many witnesses before our committee. I think your state- 
ment here is one of the most learned, most lucid, and, on your own 
part, fluent presentations that we have heard. 

General Truprav. I thank you very much. 

Mr. Woxr. I would like to state, too, we are certainly not out here 
to persecute anybody. We are anxious to get the information. We 
are as dedicated to the security of this country as you are, General. 

General TrupEav. We certainly know that. 

Mr, Teague. On the same line, you are on the defense team and are 
going to play on that team, but that does not mean you agree with 
everything done all along the line. 
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General Trupgav. That is right. 
Mr. Tracur. Unless we can learn where some of the people workiy 
have found shortcomings it is difficult for us to form any correct ideas, 
Mr. Hall, do you have any comments ? 
Mr. Hatt. No, sir. 
Mr. Tracur. The committee stands adjourned to reconvene at 9:39 BA 
a.m, tomorrow morning. 
(Whereupon, at 11:05 a.m., the subcommittee adjourned to recoy- 
vene at 9:30 a.m., Friday, June 19, 1959.) 
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BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH IN 
DEPARTMENT OF DEFENSE 


FRIDAY, JUNE 19, 1959 


House or REPRESENTATIVES, 
COMMITTEE ON SCIENCE AND ASTRONAUTICS, 
SuBcoMMITTEE No. 2, 
Washington, D.C. 


The subcommittee met, pursuant to notice, at 9:30 a.m., in room 
B-214, New House Office Building, Hon. Olin E. Teague (chairman 
of the subcommittee) presiding. 

Mr. Tracur. Without objection, the biography of General Ely will 
be placed in the record at this point. 

(The biography is as follows :) 


Bric. GEN. WILLIAM J. ELy, DrrecTOR OF ARMY RESEARCH, OFFICE OF THE CHIEF 
OF RESEARCH AND DEVELOPMENT, DEPARTMENT OF THE ARMY 


Born on December 29, 1911, in Sycamore, Pa., William J. Ely graduated from 
high school in Claysville, Pa., in 1928, He attended Carnegie Institute of Tech- 
nology for 1 year before entering the U.S. Military Academy. He graduated 
with the class of 1933, receiving a commission in the Regular Army as a second 
lieutenant in the Corps of Engineers. 

Following graduation, he had permanent duty stations at Memphis, Tenn., 
Ithaca, N.Y. (where he attended Cornell University), Fort Belvoir, Va., San 
Francisco, Calif., Midway Island, Honolulu, Hawaii, Fort Ord, Calif., and Wash- 
ington, D.C., until February 1943. During this period, his duty assignments 
included civil works construction, military construction, troop duty with an 
engineer unit, and school at Fort Belvoir as well as at Cornell. 

He was assigned to Headquarters, 6th Army, in February 1943, serving with 
the engineer section of that headquarters throughout the war in the Pacific, 
seeing duty in Australia, New Guinea, Philippine Islands, and Japan. He re- 
turned to the United States in December 1945. 

After a few months in the Office of the Chief of Engineers in 1946, he was as- 
signed to the faculty of the Armed Forces Staff College in Norfolk, Va., as an 
instructor in the logistics division in September 1948. He was reassigned to the 
joint logistics plans group, Joint Chiefs of Staff, in July 1949, serving there until 
October 1951. 

He then started a 2-year tour as chief, military construction, Office of the 
Chief of Engineers, in Washington, D.C. From July 1958 to January 1956, he 
was district engineer of the Corps of Engineers in Sacramento, Calif., supervis- 
ing large civil and military construction and real estate programs. 

He reported to Headquarters, U.S. European Command, in January 1956, 
assuming his duties as Deputy Director, J-4. 

He is married and has three sons. His advanced schooling includes a master 
of science degree in civil engineering from Cornell University. 

Decorations: He has been awarded the Legion of Merit with one Oak Leaf 
Cluster ; the Silver Star; and the Bronze Star. 

Promotions: He was promoted to first lieutenant, June 14, 1936; to captain, 
October 1, 1940; to major, February 20, 1942; to lieutenant colonel, August 21, 
142; to colonel, March 25, 1944. He reverted to lieutenant colonel, July 1, 
147; was promoted to colonel, December 30, 1950; and to brigadier general, 
March 16, 1956. 

Up to date, October 28, 1958. 
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Mr. Tracus. General, we will proceed. 


STATEMENT OF BRIG. GEN. WILLIAM J. ELY, DIRECTOR OF ARyy 
RESEARCH, OFFICE OF THE CHIEF, RESEARCH AND DEVEyo0p. 
MENT, DEPARTMENT OF THE ARMY 


General Evy. Mr. Chairman, I am Brig. Gen. William J, ) 
Director of Army Research in the Office of the Chief of Renan 
and Development, Department of the Army. | 

In my short presentation to you, I will endeavor to describe fo 
you the Army’s broad and forward-looking research program. Tp 
accomplish this, I will first describe briefly what we mean by “p. 
search”; second, why we do research; third, how we do research; and 
fourth, a few comments on the nature of our program. my 

In discussing Army research, I would like first to discuss what we 
mean by “research.” In categorizing “research,” one is often involved 
in definitions of the term. For example, debate is common, even amo 
scientists, as to whether a given piece of research is basic or appli 
We use the same definitions as does the DOD. This slide, using 
“Time to Payoff” as a criterion, indicates what we mean by the vari- 
ous types of research and their relationship to development and 
production. Reading from the left, we see that dollars spent at 
time zero on production of standardized equipment reach maximum 
on in terms of delivered equipment in a matter of a year or two, 

ollars spent today on systems development work will not produce 
maximum results for about 3 to 5 years. By supporting research, we 


mean that type of work which is often called component development, | 


This is the development of new and improved components including 
those of complex weapons systems. As you can see, work here does 


not usually appear in equipment in the field for 5 to 8 years. Applied | 
research leads toward new materials, concepts, and techniques. Her | 


we have some payoff quite early but it does not reach a maximum 
until about 10 to 15 years after the investment. 

The last category in the research and development cycle is basic 
research. Here we include that very long-range work which is explor- 
ing truly new and novel areas which we believe have a reasonable 
prospect of resulting in completely new offensive and defensive weap- 
ons or techniques. Basic research consists of probing the boundaries 
of total human knowledge with the hope of achieving payoff in the 
military area. Before we leave this chart we should point out that 
not only do these types of work overlap in time to payoff, but also 
the definitions themselves do not have sharp edges. This is a sche 
matic representation. However, it is representative of the average 
situation when a diverse program, such as the Army’s, is considered. 

Next, I would like to cover briefly the question of why we do 1 
search within the Army. As you know, research produces the knowl- 
edge, concepts, and techniques which allow our development programs 
to produce equipment for future use by the Army. Research, ins 
sense, produces a storehouse of knowledge which can be drawn upon 
when specific problems arise in development programs. Research 
done by the Army not only produces information of Army interest, 
but also constitutes the eyes and ears of the Army in the entire sciet- 
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tifie world. It is quite common that our first indication of the pos- 
sible military impact of a new piece of research done outside the 
Army is through one of our Army-oriented research scientists. 

To emphasize this point of maintaining contact with the ever- 
expanding science and technology, I would like to show you a second 
slide. One way to measure the rate at which science and technology 
is expanding 1s to consider the number of scientific journals which 
are published periodically, worldwide, at any particular time. We 
see that the number of journals in existence has increased from about 
10 in the year 1700 to almost 100,000 at the present time. This repre- 
gents a doubling in the amount of reportable activity in science about 
every 12 years. In fact, we have reached the point now where ap- 

roximately 300 abstract journals are required to keep track of this 

idly changing picture. 
a fr. T FAGUE. Gaosral: how do you keep up with that? I read re- 
cently, I don’t recall just what we spent on the project, but we learned, 
about the time we completed it, it had been published in some journal, 
I believe it was a Russian journal, some time before. And we had 
not known about it. 

General Evy. It is one of our most difficult problems. 

Mr. Tracur. Do we have a separate agency or does the Army do 
its own keeping up with the journals published around the world. 

General Evy. The Department of Defense has an information 
agency for handling the scientific information generated in the De- 

artment of Defense and under contract with the industrial agencies 
Sing work for the Department of Defense. 

Mr. Teacvr. What about foreign journals, foreign languages? 

General Exy. In that case, in the Army it is up to each technical 
service and the scientists working for the technical service to keep 
abreast: of this. 

There is an agency in the Library of Congress, financed, as I under- 
stand it, by the Department of the Air Force, that is translating and 
working hard to keep up with Russian documents. They are expand- 
ing this activity from time to time but, across the board, other than 
this Armed Services Technical Information Agency, which endeavors 
to keep up with the pursuits and the work done within the serv- 
ices, I do not believe the United States has a very good centralized 
agency for absorbing and putting out this information. 

This indicates that we are involved in what has been aptly called 
an explosion of science. 

The next point is how we do research in the Army. My third 
slide shows that there are some 15 agencies which come under the 
supervision of the Chief of Research and Development in the con- 
duct of the research portion of the Army research and development 
program. ‘The most important of these agencies in the tenet pro- 
gram are the seven technical services shown at the left. I will iden- 
tify each of these 15 agencies and outline their research activities in 
moment. 

As indicated on the screen, the Army research program is conducted 
through 38 Army installations and through arrangements with 19 
other governmental agencies such as the Bureau of Standards, the 
Naval Radiological Defense Laboratory, and elements of the De- 
partment of Agriculture, and the Public Health Service. In addi- 
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tion, there are some 400 contractors, consisting of universities, Non. 
profit research institutions, and industrial research laboratories, 4g | 
you see on the bottom of the screen, this is a very broad program, 4s | 
research must be, sending probing fingers in all directions of potentig] | 
interest. There are some 2,300 distinct and identifiable research tasks 
These fall within some 16 major scientific fields and 74 subfields, — 

Now I will outline briefly the research conducted in each of the 15 
agencies indicated on this slide, starting at the left with the Amy 
Medical Service. 

The Army Medical Service, as you know, has been conducting py. 
search in the medical sciences for many years, and with excellenj 
results. This research covers a broad range of activity, includi 
diseases, internal medicine, neuropsychiatry, preventive aca 
traumatic injury. Currently, some of the more important areas of 
research are the prevention of the effects of ionizing radiation, the 
treatment of large area burns, such as might occur in atomic warfare 
and the treatment of diseases which occur in areas where we may he 
called upon to fight but which are not common in this country. 

The Chemical Corps does research in support of the offensive and 
defensive aspects of chemical and biological warfare. This is a pro. 
gram which covers the requirements of all three services in these areas, 
Because of security aspects, safety problems, and lack of commercial | 


applications, much of this program is conducted within Army labom- | 


tories, although increasing amounts of research are being placed with 
industry. This is in contrast to the situation in the Ordnance Corps 


and Signal Corps and in other technical services where there is gen- | 


eral commercial interest in the work, and safety problems are Not a | 


great. The recent accomplishments in Chemical Corps research in 
the field of incapacitating agents have been most encouraging, par. 
ticularly in the potential use of these materials in a variety of situ 
ations. 

Within the Ordnance Corps we have a very broad research program | 
which supports the development of ordnance materiel. Here we have 
the greater part of the basic research of the Army in the physical, 
engineering, and mathematical sciences. This basic research pro- 
gram is conducted largely in university laboratories throughout the 


country and is administered through the Office of Ordnance Research. | 
Also within the Ordnance Corps is a very broad materials research 


program which not only serves the needs of the Ordnance Corps for | 


new and improved materials, but also satisfies many of the require 
ments of the other technical services of the Army. Ordnance also 


conducts a sizable program on solid and liquid propellants. Its pro- | 


gram in internal, external, and terminal ballistics has over the years 
produced some of the major advancements made by this country in 
the transsonic and supersonic areas. 
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The Signal Corps conducts a sizable research program in support 
of its mission of providing communications, combat surveillance, and 
meteorological support for the Army. Many of the major advance- 
ments this country has made in the electronics areas stem from this 
rogram. For example, printed circuitry, microminiaturization, and 
solid state devices. 

The Quartermaster Corps conducts research consistent with its 
responsibilities to provide food, clothing, and personal equipment for 
the soldier. Much of this work is to improve the ability of the indi- 
vidual soldier to operate in an ever-widening environment, in areas of 
extreme cold and heat, and even in space. One of the more active 

rojects of the Quartermaster Corps is research in preservation of 
ood by radiation. 

The Transportation Corps does research in areas related to improve- 
ment in the ground and air mobility of the Army. Two areas of im- 
portance in the current Transportation Corps research program are 
thermoelectric energy conversion in the design of new propulsion 
systems, and low-speed aerodynamics, stability, and control of new 

es of aircraft. 

The Corps of Engineers does research in mapping and geodesy, 
military construction, electrical equipment, night-vision equipment, 
mine warfare, and miscellaneous other areas. Current projects of 
importance are research in snow, ice, and permafrost in relation to 
military operations in cold regions; infrared research; ground mo- 
bility; and the detection and removal of mines. 

Thus far my remarks have covered the research being conducted 
within the seven technical services of the Army. These organizations 
supervise the greater part of our research program. There are a 
number of smaller elements of our research program which do not 


dearly fall within the purview of a given technical service. ‘These 
programs have been set up as Armywide activities, and are repre- 
sented by the remaining boxes on this line. 

We have an R. & D. liaison group active in Europe. Its offices are 
in Frankfurt, Germany. Through this office, we handle about three- 
fourths of a million dollars in research contracts with selected 
Western European scientists, whose talents cannot be duplicated in 
this country. 

Mr. Tracur. General, give us an example of that. 

General Evy. Offhand, I cannot give you a specific example. I 
have some here in my folder. 

Mr. Teacur. Would you put it in the record later? 

General Evy. Yes. 

Mr. Teacur. Showing something we are doing over there that we 
cannot get done here. 
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(The information requested follows :) 


Examples of research supported by the Army’s European research office in 
Frankfurt, Germany, which exploits the unique capability of European gej. 
entists 
Investigation Title of project 
Prof. Dr. E Leginegg, Institut fuer Theoretical investigation on the radia. 
Theoretische Physic, Technische tion properties of triangular waye 
Hochschule, Graz, Austria. guides. 
(An outstanding scientist who has 
devoted his career to the investigation 
of obscure modes of electromagnetic 
wave transmission. No one in the 
Wnited States has done any signifi- 
cant work on these modes). 
Dr. J. A. A. Broers, University of Am- High-temperature fuel cell. (DA hag 
sterdam, Netherlands. recently completed a comprehensiye 
survey of all known fuel-cell research, 
Dr. Broers’ work on the high-temper. 
ature fuel cell is more advanced than 
that of any other known investigator 
in the free world). 
Prof. Arne Tiselius, Institute of Bio- Separation methods for biologically ang 
chemistry, University of Uppsala, medically important substances of 
Sweden (Nobel Prize winner). large molecular weight. 
General Ey. We have research contracts with scientists in almost 
every one of the free countries in Europe; these are based upon pro- 
posals that these scientists have made to our research development | 
liaison group that we have over there. These proposals have been sent | 
back to the States, evaluated by the technical service concerned with | 
that particular type of research, and have been accepted as very suit- 
able research programs to increase our knowledge in the area, 
This program is small and will remain ‘so but it does form a very 
valuable supplement to the remainder of our program. We have also 
just opened a similar type office in Japan to cover research interest in 
the Far East. Next on the chart we have an Army Mathematics 
Research Center located on the campus at the University of Wisconsin, 
This is a small group of internationally renowned applied mathema- 
ticians, who enhance the capabilities of the large number of mathe- 
maticians in our research and development laboratories. We believe 
that mathematics, as a scientific discipline, will have an increasingly 
important role in the Army of the future. The U.S. Continental 
Army Command has a research program in combat operations re- 
search, which is conducted under contract at Fort Monroe. Undera 
contract with George Washington University, we supervise the work 
of the Human Resources Research Office in the conduct of a broad and 
varied research program in the improvement of training techniques 
and in the development of leadership. This research activity oper- 
ates primarily through branch organizations located at the major 
Army training centers such as Fort Benning, Fort Knox, Fort Ord, 
and Fort Bliss. In this area, we have made major progress in the 
reduction of training time and the improvement of training methods. 
The Operations Research Office is a Johns Hopkins University con- 
tract activity here in the Washington area. This organization repre 
sents a central operational research capability which is responsive to 
the problems and needs of the Army General Staff. Operations re | 
search work is also conducted at lower levels. For example, several of 
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the technical services and even a few of the R. & D. installations, such 
as Redstone Arsenal, have operational research organizations respon- 
sive to their particular needs. _Under the Director of Special We fare 
in the Office of the Deputy Chief of Staff for Military Operations, we 
have a research contract with American University, supervised by the 
Special Operations Research Office. This program is concerned with 
research in new techniques and procedures for the conduct of psycho- 
logical and unconventional warfare. The Deputy Chief of Staff for 
Logistics has a program in those elements of operations research which 
are peculiar to Armywide logistics. This work is conducted by con- 
tract with a variety of organizations. Lastly, the Adjutant General 
does research on the selection, classification, and assignment of per- 
sonnel in the Personnel Research Branch of his Office. This is also an 
important program and is permitting the Army to improve steadily 
the utilization of its manpower. 

Mr. Chairman, that concludes my discussion of the Army’s research 


m. 
Pir, TEAGUE. General, would you run through that chart and tell us 
where the major installations are located, in the first—what—seven ? 

General Evy. In the seven technical services. 

Mr. Teacur. I assume your signal is at Monmouth. 

General Ery. Would you show that last chart again, please ? 

Thank you. 

Taking the Army medical service first, the Walter Reed Army Insti- 
tute of Research is probably the most important research installation 
of the Army medical service. They also do important research at 
Brooke Army Medical Center, at Fort Sam Houston, Tex., and at Fort 
Knox, Ky. ' 

The primary research effort. of the Chemical va, = is conducted at 
Edgewood Arsenal, at Fort Detrick, Md., and at Dugway Proving 
Ground in Utah. 

Ordnance Corps research is primarily administered out of the Office 
of Ordnance Research, which is located at Duke University ; they also 
supervise and conduct materials research at Watertown Arsenal in 
Massachusetts, and conduct other research efforts in other arsenals 
scattered throughout the country, and at Aberdeen Proving Ground. 

The primary Signal Corps research, as you mentioned, is conducted 
at Fort Monmouth, and at the electronic proving ground at Fort 
Huachuca, Ariz. Quartermaster research is primarily concentrated 
at Natick in Massachusetts, and at the Food and Container Institute 
in Chicago. The Transportation Corps, at Fort Eustis here in Vir- 
ginia. The Engineer Corps, at Fort Belvoir. 

Those are the more important research installations. 

Mr. Tracur. Are there any questions ? 

Mr. Karrn. I might ask one question. What are you doing in 
psychological warfare? I am interested in the program you have 
gong. What do you intend to do and what is the program? 

General Ey. We have a contract, as I mentioned, with American 
University, in which we are studying primarily the best approach to 
these countries. 

In other words, what areas of psychological warfare would be most 
effective in dealing with each country? And then we are also study- 
ing the best way of distributing information within that country. 
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In some areas it is by word of mouth, in some areas by leaflets and | 


analyzing and interviewing people who are familiar with the actiyj. | 
ties in that country, in an effort to determine how best to approach 
them with psychological warfare. 

Mr. Teacur. Do you have any questions, Mr. Wolf ? 

Mr. Wotr. No, Mr. Chairman. 

Mr. Tracure. Thank you, General. 

General Evy. Thank you, Mr. Chairman. 

Mr. Tracur. We have General Britton next. 

Without objection, the biography of General Britton will be placed 
in the record at this point. 

(The biography is as follows:) 


Bric. Gen. FranK H. Brirron, Director OF DEVELOPMENTS, OFFICE OF THE CHtgp 
oF RESEARCH AND DEVELOPMENT, DEPARTMENT OF THE ARMY 


appointed from Missouri to the U.S. Military Academy and graduated in 1932 
the Cavalry School in 1936, the Command and General Staff College in 1943, the 
Armed Forces Staff College in 1949, and the Army War College in 1952. 

During World War II, he served with both the 1st and 10th Armored Divi. 


and later in the southwest Pacific with G-—3 section, general headquarters, 
In 1946, he was assigned as a member, Joint United States-Union of Soviet 
Socialist Republics Commission for Korea and later returned to the Staff of 
General Headquarters, Far East. He was assigned to the Organization and 
Training Division, War Department General Staff in 1947. In 1949, he was 
assigned as Assistant Secretary of the General Staff, Office of the Chief of Staff, 
U.S. Army. He served a tour with G-3 section, Allied Land Forces, central 
Burope, beginning in 1952. In October 1955, he became Deputy Chief of Staff 
III Corps, and in January 1956, he was assigned as Chief of Staff of the 1st 
Armored Division. 

On May 21, 1956, he became Chief, Armor Branch, Career Management Divi- 
sion, the Adjutant General’s Office, Washington, D.C. 

On September 10, 1957, he became the Director of Developments, Office of the 
Chief of Research and Development, Department of the Army. 

He has been awarded the Legion of Merit and Army Commendation Ribbon 
with Medal Pendant and three Oak Leaf Clusters. 

Promotions: He was promoted to first lieutenant August 1, 1935; to captain 
October 4, 1940; to major June 2, 1942; to lieutenant colonel December 3, 1942: 
to colonel October 9, 1944. He reverted to lieutenant colonel July 1, 1947, and 


Up to date June 8, 1959. 


anyplace. 
General Brirrron. General Dick is to follow me. 
Mr. Tracue. General Britton, you might proceed. 


STATEMENT OF BRIG. GEN. FRANK H. BRITTON, DIRECTOR OF 
DEVELOPMENTS, OFFICE OF THE CHIEF OF RESEARCH AND 
DEVELOPMENT, DEPARTMENT OF THE ARMY 


General Brrrron. Mr. Chairman, I am Brig. Gen. Frank H. Brit- 
ton, Director of Developments in the Office of the Chief of Research 


velopment program. 


was promoted to colonel September 7, 1950; to brigadier general July 6, 1956. 


in some areas by other methods. But taking each country, we ar | 


Frank H. Britton was born in Shreveport, La., February 22, 1909. He was 


sions and overseas with G-3 section, 5th Army, in the Mediterranean theater | 


Mr. Tracuer. I would call on General Dick, but I do not see him | 


and Development, Department of the Army. I am happy to have this | 
opportunity to present to you a part of the Army’s research and de- | 
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| will discuss the trends in our development activities with which 
my directorate is concerned. ’ General Dick will discuss the balance of 
our development area, since it is split between the two directors. _ 

These developments are particularly concerned with the require- 
ments to enable the Army to live and to fight in the ground environ- 
ment—the environment in which the Army must live. These areas of 
development I refer to include air mobility, ground mobility, fire- 

wer—other than missiles and atomic—and communications and 
electronics. Because of the number of projects in these areas, I will 
discuss only a few particular examples. 

The land mobility aspects of development center around tracks and 
wheels. To improve our ability to fight on nuclear or nonnuclear 
battlefields, we are developing tanks and armored carriers, as well as 
wheeled vehicles. An example of one of our carriers is our new 
armored personnel carrier, the M-113. It is able to ford rivers, be 


| dropped by parachute from an airplane and still afford protection 


for an infantry squad and its driver from small arms fire, shell frag- 
ments, and blast and thermal effects. This vehicle is an example of 
improvements in design and the use of lightweight materials in the 
last few years. The predecessor vehicle, the larger vehicle, the M-59, 
weighs 42,000 pounds, combat loaded, while the M-113, with the same 
size squad aboard, weighs 22,000 pounds—a savings of approximately 
0 tons. 
Mr. Teacur. What is the status of the vehicle ? 

General Brrrron. This vehicle is actually released for production. 
The final production models are being built now to check out final 
specifications. It should go into full-scale production in the next. few 
months. 

In wheeled vehicles, we are endeavoring to save weight but retain 
durability and improve off-road mobility. In the conventional truck 
field, we are using commercial type components to provide good 
roadability, cross-country ability, and to permit a float capability with- 
out compromising size, simplicity, and ease of maintenance. In order 
tomeet the wide requirement for the many type loads, we are develop- 
ing four series of trucks which will use common major components in 


| each series—that is, common engines, transmissions, axles, to name a 
| few in each series. The four series or families of wheeled vehicles 


will cover a range from one-fourth ton to 10 tons—each family will 
contain a 4-wheel, 6-wheel, and 8-wheel version. 

This slide shows the 214-ton 8 by 8 in the intermediate family, which 
will weigh about 8,000 pounds, contrasted with 12,500 pounds for the 
current 244-ton truck. The eight-wheel configuration will add greatly 
to this vehicle’s off-road capability. And, I might add, this vehicle 


_ hasa float capability but it is not self-propelled in the water. 


Mr. Tracur. Is that eight-wheel drive, there ? 

General Brirron. That is eight-wheel drive; yes. 

To give mobility to our heavy logistical loads, we are taking an idea 
from people who specialize in off-road work, the roadbuilders. Using 
the large diameter wheels, powered wagon steer, and exoskeletal design 
of earthmoving equipment, we can design a vehicle which can float 


_ with its payload, carry a payload equal to its own weight—few vehi- 


cles can do this—and have a high cross-country capability. We call 
this type of vehicle the Goer. 
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This is a model of it, showing the wagon steer. 

Mr. Tracue. May we have the light on, please ? 

As we go along, will you tell us the status of the different vehicles? 

General Brrrron. Yes, sir. This vehicle is in four models: thre 
are 5,000-gallon tankers and one is a 15-ton cargo type. This is the 
cargo version. They are being built to test out the concept. This jg 
not in full-scale production at this time. We must find out what we 
need in these vehicles, so the prototypes of the vehicle are being buik 
now. It will have rear-wheel drive for assisting at low speed in 
difficult situations. 

a Tracur. Could you give us any idea of the cost of those, Gen. 
eral ¢ 

General Brrrron. I could not at this time because we have not 
really gone into the production model. 

Mr. Tracvue. Could you give us that on the eight-wheel-drive truck, 
too! 

General Brrrron. The eight-wheel-drive truck is estimated to be 
it is $8,400 for the present 214-ton and the eight-wheel vehicle should 
be in the same general price category. 

Mr. Wor. Can you give us a comparison between the former tank 
and the new tank you showed us? 

General Brrrron. The M-59, which is way down the learning curve 
and has been in production quite some time, is, as I remember the 
figure, $35,000. 

This first vehicle, the M-113, we eventually expect to be much 
cheaper. Its first production is going to be about $5,000 less than the 
present M-59. 

Mr. Wotr. You feel the new tank will be cheaper ? 

General Brirron. This is not a tank but a personnel carrier. After 
it gets into a similar level of production we do expect it to be cheaper 
by about $10,000 because of less material and certain advantages in 
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| 


handling the type of material in construction. But the first produc. | 


tion will be only $5,000 less. 


At present we are evened prototypes of the Goer 15-ton cargo — 


carrier and a Goer 5,000-gallon tanker to be delivered in July for 
test. These vehicles are primarily assembled from commercial com- 


onents. Feasibility of sizes other than 15 tons will be studied follow- | 


ing our work with these prototypes. 
We are just now completing development work on the new M-60 
tank, mounting a 105-millimeter gun and using a compression ignition 


engine—all together giving us greater firepower and increased range | 


and fuel economy. 
This vehicle is in the construction of the preproduction protot; 


We expect the first production models to be in production in April | 


1960. 
Mr. Teacur. It is 105-millimeter? 
General Brirron. Yes; 105-millimeter high velocity. 
Mr. Tracur. Which would penetrate what? 
General Brirron. We expect it to penetrate the heaviest known 
Russian armor. 
Mr. Tracor. Is this light, heavy, or medium ? 
General Brrrron. It is what we used to class as medium. 
Mr. Wotr. Will it be manufactured in America ? 
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General Brirron. The gun will be in production here and will be 
American made. ‘The basic ammunition 1s of British design, and the 
tube also. It is one they have worked on rae to our develop- 
ments and with some dollar support. We had a comparative test of 
yarious guns and finally selected this one as best fitting our combina- 
tion of size, ammunition size, penetrations, and various problems of 
mountings in the vehicle, 

Mr. Wotr. But it will be manufactured in America ? 

General Brrrron. Yes. The first tubes we may have to buy in 
England to keep our production in balance. 

r. TeEAGuE. What armor is on that tank ? 

General Brrrron. Of course, it varies, sir, but we have retained 
about the same armor thickness. 

Mr. TeacvueE. Is that less or more than our present medium tank ? 

General Britron. It is in the same range as what we have today, 
with some slight adjustments in some of the less vulnerable areas, but 
we have not sacrificed any of the battlefield survivability of this tank, 
compared with our present M—-48 series. 

Mr. Teacue. I thought you had gone to a more powerful gun on your 
medium tank ? 

General Brrrron. That is correct. 

Mr, Teacue. What gun do you have on the present medium tank? 

General Brirron. It is a 90-millimeter, sir. & this gives us an up- 

Mr. Teacue. All right, sir. 

General Brirron. At the same time we are starting work on the 
components of the next main battle tank, in which we are endeavoring 
to reduce weight, increase the kill capability, and improve mobility. 
Suecess in meeting these requirements will depend, in large measure, 
on our success in the component program. We are achiially working 


' onthe various major components at this time in the early stages of 


development work so we do not have at this time a specific plan of a 


- new main battle tank. 


Mr. Worr. Can you tell us in open session what you are doing to 
check these tanks on nuclear fallout ¢ 
General Brirron. I could not, sir. But we are interested in this 


_ area, and we are particularly interested in the research methods of 


accomplishing this, particularly of materials research. 

Also, we are initiating first work on a vehicle capable of performing 
both the armored reconnaissance requirement and the airborne assault 
weapon requirement. This vehicle must be capable of supporting 
reconnaissance, security, and economy-of-force missions, as well as 
providing the assault and antitank power for airborne units. 

The new missile systems of the Reve are materially increasing our 


_ utillery firepower as to capability and range and, in some cases, re- 


placing conventional artillery. Nevertheless, conventional gun tubes, 
the old reliable of World War II and Korea, still provide the prin- 
apal punch for limited war and the close support in atomic actions. 
Our stress today is to make our artillery weapons self-propelled to in- 
crease the speed with which they can go into action and to equip them 


_ tokeep up with the mobile forces which they are supporting. A new 


175-millimeter fieldpiece is under development, as well as new self- 


propelled armored carriages for the 105-millimeter and the 155-milli- 
neter howitzers. 
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This slide shows the new 175-millimeter long-range fieldpiece on jt, 
self-propelled carriage. 
This is an unarmored carriage, but we do make a very material gay. 


ing in weight over previous long-range artillery. This gun will hay, | 
quite an increased range over anything we now have in the inventory, | 


The present stage of this is in user test. 
ee our vehicles, the Army is seeking to develop engines which 
will— 
a. Decrease fuel consumption and increase range; 
b. Increase durability and reliability ; 
C. maintenance and reduce the frequency and ting 
required for such maintenance; 
. Widen the range of fuels on which such engines will operate, 
The only engine type available to the Army today which offers mors 
than marginal improvement in these objective areas is the compression 
ignition or diesel cycle engine. Inasmuch as this engine type is the 
most immediate answer—particularly in increasing range and rede. 
ing fuel consumption—mayjor effort is being devoted to developing this 
type engine for military use. 
Our first major combat vehicle application is the M-60 tank. Pr. 


marily, this development will result in improved fuel economy and in. | 


creased fuel tolerance. Such engines are, at present, capable of opera. 
tion on several different fuels. However, more development is neces. 


sary prior to their giving a militarily satisfactory performance on | 


gasoline. 

Although the gas turbine cannot be considered as a satisfactory av- 
tomotive engine type for the present, it has a very marked potential, 
Industry has made considerable progress with automotive-type gas 
turbines over the past several years. Principal effort is now be 
concentrated on reducing fuel consumption and eliminating the 
for critical, high-cost materials necessitated by high operating temper. 
atures. 

The Army is obtaining research turbines for application to test 


vehicles. When investigation indicates the proper direction to be | 


taken, a turbine development program will be undertaken. 
As firepower increases, as areas of operation expand and mobility 
improves, the demands on command and control increase. To keg 


pace, new and better communications are required and more depend- | 


ence on radio is 
A complete new family of tactical radios will soon be available to 


combat troops. In appearance they will seem to many as little | 
changed from those we now have. I can assure you that they are | 


vastly better. Using new electronic advances, they are more durable 
and flexible, require less power and, further, many fewer types are 
required. In fact, three sets will replace seven types now employed. 


This is the new 5-mile walkie-talkie compared with one of three sets | 


it replaces. It is half the size and weight of the old, has three times 


as many channels, and includes an auxiliary receiver to permit listen- | 


ing to two channels simultaneously. 
r. Teague. What did you say that weighed, general ? 
General Brirron. Just one moment. It is a 5-mile set. It is half 
the size of the present walkie-talkie. 
Mr. Teacur. What did you say that weighed, General ? 
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General Brirron. It is a backpack, or that type of radio, primarily 
for the infantry. 

Mr. Teacur. Battle group? 

General Britton. Battle group, that will be used by the artillery 
observer in the 5-mile radius, wherever the backpack radio is used, at 
company level, really. This set is entering the engineering test stage. 

is set. weighs 15 pounds. 

In addition, we have under development a switched radiotelephone 
to permit continuous contact with field telephone exchanges while on 
the move, as well as mobile automatic switchboards for major in- 
creases in speed, mobility, flexibility, and reliability in the Army’s 
area communication system. Also under development is new equip- 
ment for the worldwide communications system, using completely 
automatic routing for all types of messages such as voice, teletype, 
fusimile, et cetera; an integrated data-processing system for the 
Amy in the field; and security devices for use at all echelons. — 

Aviation electronics developments include communications, pilot- 
assist devices, and navigation facilities for use in Army aircraft to 
give them an all-weather capability. We are also working on an air 
trafic control and navigation system to permit operation of the air- 

_aaft throughout the battle area for close-in, low-altitude support of 
combat forces. 

Our combat surveillance program is concerned with the develop- 
_ ment of new techniques and equipment which will provide the Army 
in the field with an organic capability to maintain a continuous, all- 
weather, day and night, systematic watch over combat operations; and 
to detect, identify, and locate targets in sufficient detail to permit the 
elective employment of weapons by the commander. Developments 
include devices in the fields of radar, infrared, photography, acoustics 
and seismics, and the necessary vehicles, including surveillance drones, 
navigation equipment, and data links, to permit the use of these 
devices. 

As an example, this slide shows our smal] man-portable frontline 

| surveillance radar capable of detecting a moving individual at 1,500 
_yardsand a moving vehicle at 6,000 yards. 
"Limited production is going into the hands of troops right now. 
Weare working on an improved model, particularly to improve the 
| Power sources and get the weight down, which will be second 
generation. 

Mr. Wor. I visited with retired General Larkin in Paris last week, 
| md he was talking about a French radar system for battlefield use 
_ which could pick up a man at 7 miles and a horse at 14 miles and dis- 

tinguish the difference. 

eral Brirron. Yes. That is correct. We have others, not of 
the foxhole type, which have greater ranges, and we are keeping track 
ofthis French development and will follow it to get what data we can 
from it. 

Mr. Worr. Thank you. 

General Brrrron. This next slide shows our SD-4 Surveillance 

ne, one of our family of drones now under development which are 

capable of carrying advanced sensory devices at high speeds to obtain 
Mormation of enemy activities. 
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This particular drone is in the development stage, and it will hy. 


some time before we get our first flying test articles, although some of 
the early airframe tests will come up this year. 

Mr. Teacur. What equipment is in the drone, General ? 

_ General Brrrron. This is part of a family of drones which hay 
interrelated equipment, but it will be capable of carrying radar, infy, 
red, and several] different types of sensory devices, photographic— 

Mr. Television? 

General Brirron. It is capable of carrying television. Howeyer 
our television work is of lower priority than some of these others he. 
cause of the weather restrictions and light restrict ions of television and 
its orientation problems. It will also carry navigational equipment 
avoidance equipment, equipment to get the information back, and the, 
its flight control equipment. 

Mr, Teague. Whatcom pany has the contract ? 

Mr. Brrrrox. This particular one is with Republic. We have othe 
drone programs—one with Fairchild and one with Rheem, 


Mr. Treacur. How do you let a contract with something like that; 


is it negotiated, or do you let the company know what you want, o 
do you submit a plan and let each one pick what they think js 
best ? 

General Brrrron. We have flexibility; but generally speaking, we 
go to industry and inform them what we are after, and they make 
their proposals to this. 

Generally, in the research and development field, we negotiate and| 
select the contractor based upon his concept, his competence, and the 
other factors that go into it. ; 

On occasion, of course, industry will come up with a concept and| 
come to us and we will, of course, investigate the field and find out 
whether there are other things that are working in this area; and| 
occasionally, we will negotiate a contract for this specific item, which| 
has been more or less—I don’t like to use the term “invented,” but 
it came up from their own competence. But generally speaking, 
in the research and development contracts we do give the industry 
opportunity to present their concepts how to handle a specific one, and 
then select. 

Mr. Tracur. Thank you. 

General Brrrron. The program of tube and component develop 
ment includes electron tubes, transitors, power sources, and many of 
the passive electronic components such as resistors and capacitor, 
which are the basic building blocks in support of all electronics r 
search and development effort for the Army, including missile sys 
tems. A new item in this category is the provision of micro-minis 
ture-modules which is a new construction concept being pursued t0 
achieve a major reduction in the size and weight of many communi 
tions-electronics items. Here is an example of the reduced size 0 
radio components using this technique. 


You see before you at the bottom a commercial transistorizi 
radio set. Just above that you will find there an exploded display 0 
the components of the commercial set. 

This new technique of miniature modules is the one above. Thi! 
shows exactly the same components that are in the lower display. 

Of course, the commercial set has a speaker and batteries; and 1 
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the case of the small one you see above, an extra speaker and bat- 
teries have been added to that display, and are not part of the basic 
arison. 
As the present time, this is a process under which there is a contract 
with RCA to determine the manufacturing techniques. In other 
words, we know the research and development techniques and have | 
been using it in certain experimental work, but now it is a question 
of the experimental techniques. You may not be able to hear that 
well, because very often inside the building there is too much steel. 

The CHaiRMAN. General, have you used any of these solar bat- 

ies ? 
“General Brirron. Yes, sir, we have used them. We have a small 
helmet-type radio, which is in the hands of troops for testing to see 
what we need, and this has been hooked up as an experiment with 
some of the solar batteries. ‘They have been used in some of the mis- 
sile applications; but, basically, we do not have anything on issue 
to troops which are dependent upon solar batteries. We find that they 
are not too dependable in the Army environment, where you work 
under conditions of day and night and cannot depend upon the sun 
completely, although we are following that development closely and 
will take every advantage we can of it, as it develops. 

Mr. Tracur. All right,General. 

General Brrrron. Obviously, tactical or battlefield mobility of 
ground forces will be increasingly dependent upon aircraft. ven 
now, the Army has integrated aircraft throughout its structure and 
extensive use of both planes and helicopters is commonplace. Atomic 
tactics demand increased mobility and this, in turn, leads to in- 
creased requirements for air movement in order to carry out essential 
command, communications, observation, and supply functions. Three 
new aircraft types are soon to join the Army ranks. 

This first slide shows the Mohawk, a new observation aircraft 
powered by two turboprop engines. 

This plane has actually made its first flight, though the official 
ceremonies will take place next month. It has short takeoff and 


landing, and shown itself to be a very versatile aircraft in its first 


ight. This will, of course, have to go through a complete flight 
test program, although we are planning procurement of these out of 


1960 funds. 


Mr. Karru. Is this the one that takes off up straight, almost like a 
helicopter ¢ 

General Brrrron. No, sir. It is a short takeoff and landing air- 
craft.’ It is not an unconventional type aircraft. We are talking of 
taking off over a 50-foot obstacle in 800 feet. It has actually per- 
formed very well. 

Mr. Kartu. Has your experience been good, bad, or indifferent 
on the almost vertical takeoff aircraft, rather than the helicopter? 

General Brrrron. I intend to touch on this later in passing— 

Mr. Karru. Would you doso then, General ? 

General Brirron. Yes, sir. 

This next slide shows the new 3-ton transport we refer to as the Cari- 
bou, and this is made by the DeHaviland people of Canada. We are 


given special authority to exceed the weight limits in both the Caribou 


and the Mohawk. The Caribou has quite short takeoff and landing 
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capabilities for a transport type. It will carry up to 32 combat. 
equipped troops. 


Mr. Worr. Would you know if this is the one the Air Force haj | 


on display in Paris? 

General Brirron. In where? 

Mr. Woxr. At Paris; at this international aeronautics show, 

General Brrrron. No, it was not there. 

This plane, sir, was displayed here in Washington recently and jt 
made its landing and takeoff from the parade ground over at For 
Myer, completely loaded with its gross weight load, and at the very 
field where we accepted the first delivery of the aircraft we bought 
from the Wright brothers; so we finally got them down to the same 
size fields again. 

Mr. Wotr. They landed the one in Paris in less than 400 feet. It 
carries about 46,000 pounds. That is quite a load. 

General Brrrron. Yes, sir. The last slide will show you the Ino. 
quois, a turbo-powered utility helicopter. This one is actually jy 


production and we will get it in the hands of the troops very shortly, | 


Mr. Tracur. That is from Bell? 

General Brirron. Yes. <A very versatile helicopter. It is the first 
machine that has come completely through development to meet the 
Army’s requirements. 

Mr. Treacur. General, does that have any arms on it? 

General Brirron. No, sir; it is not planned to issue them with 
weapons. But, as you know, based upon my. previous appearaneebe. 
fore the committee, we are doing some work with meape on Army 


helicopters and doing certain experimental work, and we intend to | 


carry this forward and we are working on suppressive fire kits for this 
helicopter, although its standard configuration is not armed. 

Now these three air vehicles will do much to increase our ability to 
move troops and supplies on the battlefield and to improve our target 
acquisition and aerial surveillance of ground targets. 


In the more forward-looking area of aviation development, we ar _ 
just ats a research test bed program. They are being evaluated | 


to consolidate the data which has been generated with the view of 
analyzing the results, determining which, if any, of these leads should 


be combined and pursued, and to make the information available to | 


industry, as well as helping us to determine our future requirements. 
As an example, this program includes, among others, this tilt-wi 
aircraft—this one was actually built by Vertol. It has made a full 
transition in flight. The wings tilt up to give you vertical lift, 
gradually tilting back into normal configuration to give you forward 
flight. 

‘he next one is the rotating ducted fan aircraft. It is being built 
by the Doak people. It has two ducted fans at the end of the wings, 
which give the machine its vertical lift, and by rotating the fans ina 


forward position you get forward flight. This machine has gone | 


through complete transition. 
The final type to show you is the tilting rotor type. This was built 
by the Bell helicopter people. It has two helicopter type rotors which, 


in the vertical position, give you vertical lift and gradually rotating | 


forward into propeller flight. We have other types which we have 


tested, which include deflected slipstream, and T am trying to think | 
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of some of the others right now. There have been several of them. 

Now I will go back and really answer your question, Mr. Wolf. 
In general, these are reall y test beds to get aerodynamic data and de- 
sign data to determine which ones actually are best in various types of 
operation and to determine some of the scientific data needed. We 
have just about gathered all of the data. We will use some of these 
machines in test work to see what the problems of living in the field 
with them will be. They are not operational items. We will determine 
from them which one of these methods or combinations will best fit 
our requirements, 

In general, the question of vertical lift has been no problem. It is 
a matter of computing the capability of what creates the downwash 
and your gross weight, but the real problem in general has been how 
to achieve flight control—roll, pitch, and yaw—and to control the 
aircraft as the | rae transfers from the helicopter type of flight into 
the fixed-wing flight. Certain vibrations have arisen, and these have 
been the main problem in this area. But as far as getting vertical 
lift, they have all worked just as we anticipated and without any 
problems. 

In the field of aircraft powerplants and propulsion systems, the 
Army is actively developing a family consisting of a number of gas 
turbine engines, ranging in power from 250 horsepower to approxi- 
mately 2,000 horsepower. This is in accordance with responsibilities 
assigned to the Army by Department of Defense directive. This pro- 
gram should result in a family of turbine engines designed to meet the 
Army’s requirements as to employment and the ability to live in the 
forward areas or the Army’s environment. Further, we can expect to 
keep the number of types of powerplants to a minimum, thereby 
assisting our logistics support problem. 

Previously, 1 had the opportunity to appear before your full com- 
mittee to discuss the Army’s work on certain unconventional flying 
vehicles, including those referred to as the ground cushion effects 
vehicles. As I mentioned at that time, we have considered the fact 
that, for centuries, the armies of the world have used woods, hills, 
and other terrain features to provide cover and concealment. On the 
other hand, these very same features have seriously limited these 
armies in their mobility and maneuverability. With Army aircraft 
designed for our purpose, of the type I discussed with you in the 
previous meeting, we expect to develop certain air mobile units which 
will continue to make use of terrain features for cover and conceal- 
ment, yet free these same units from obstacles of terrain. As you re- 
member, during my previous appearance I discussed our work with 
the ducted fan type of light aerial vehicles, prototypes of which are 
being built for us by Piasecki, Chrysler, and Curtiss-Wright, as well 
as the AVRO project. 

Because of the limitation of time, I have been able to cover only a 
few of our development trends and projects in my area of responsi- 
bility. However, I believe this will give you some idea of our pro- 
gram. I am prepared to discuss with you any of the areas that you 
may desire to have further explained. 

Thank you. 

Mr. Teacur. We are happy to have our chairman, Mr. Brooks, with 
us. Do you wish to ask any questions? 


it 
ort 
ery 
ght 
me 
It 
tly. 
irst 
| ig 
this 
rget | 
are 
ated 
of 
le to 
ents. 

fu 
ward 
built 
Ings, 
ina 
gone 
hich, 
have 
think 


258 


The Cuatrman. No, I just dropped in to see how you are getting 
along, and I am pleased with the way you are handling it. 

Mr. Teacure. Thank you, Mr. Chairman. 

Mr. Wolf. 

Mr. Wo tr. I wonder if we could get in the record how much money 
is being spent for this aircraft research from your budget. 

General Brirron. Yes, we can do that. 

Mr, 'Trxacur. If it shows the amount of money going into each of 
these projects, that would be helpful to the committee. 

General Brrrron. I would like to be sure I understand the area, 
Mr. Wolf. 

Mr. Woxre. You suggested three types here. This fascinated me, 
Tam curious to understand what portion of your total budget is going 
in this type of research activity. 

General Brirron. Yes, sir. 

(The information requested follows :) 
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Research and development costs of selected research aircraft 


Following funds have been or will be obligated for research and development. 


of the Vertol tilt-wing aircraft, the Doak rotating ducted fan aircraft, and the 
Bell tilting rotor aircraft: 


Fiscal year | Fiscal year | Fiscal year 
1959 1960 


1958 and 
prior year 


Mr. Tracur. I would suspect one of the biggest worries the Army 
has today is the air research problem. 

General Brirron. That is correct. We must divide it into two 
areas. For forward area use for command, utility, and liaison, battle- 
field, supply and evacuation, we deal with the Army aircraft. For 
longer ranges we deal with Air Force aircraft. 

Mr. Tracur. Mr. Baumhart? 

Mr. Baumuart. No questions. 

Mr. Teacur. Mr. Moeller. 

Mr. Moetier. Are you aware of the Saunders-Roe Hovercraft de- 
vice of the British? 

General Brirron. Only ina general way. 

Mr. Moetier. They have made quite a lot of it. In fact, they have 
tested it on both water and land. 

General Brirron. Yes. 

Mr. Moetter. It seems to have been a very successful thing. Have 
we had any contact with them, or any exchange on this thing, or is 
this an independent find on their part ? 

General Brirron. This is a commercial thing. While we have 
knowledge of it and what they are doing, we did not have any serious 
exchange, though I am certain there is an exchange between certain 
related companies in England and in Canada which we are doing 
business with. 
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Mr. Teacue. Thank you, General. 

Our next witness will be Maj. Gen. William W. Dick, Jr., Director 
of Special Weapons, Office of the Chief of Research and Development, 
Department of the Army. — 

We will insert General Dick’s biography here. 

(The biography is as follows :) 


Mas. Gen. Witt1am W. Dick, Jr., Director or SPECIAL WEAPONS, OFFICE OF THE 
CHIEF OF RESEARCH AND DEVELOPMENT, DEPARTMENT OF THE ARMY 


William W. Dick, Jr. was born in Montgomery, Ala., February 8, 1910. He 
was graduated from the U.S. Military Academy June 11, 1931, commissioned a 
second lieutenant of Field Artillery and assigned with the 6th Field Artillery 
at Fort Hoyle, Md. 3 

He entered the Field Artillery School in October 1934 and was graduated in 
June 1935. The following September he joined the 11th Field Artillery at 
Schofield Barracks, Hawaii, and in July 1937 was appointed an instructor in 
the Department of Chemistry and Electricity at the U.S. Military Academy. 

In July 1941, he was reassigned to Hawaii with the 8th Field Artillery 

Battalion. He became operations officer of that battalion in October 1941 and 
served with it in combat. In February 1942, he was named intelligence officer 
of the 25th Infantry Division Artillery in the Pacific Theater and 2 months later 
pecame operations officer. In September 1942, he assumed command of the 
sth Field Artillery Battalion with which he served in combat. He was ap- 
pointed assistant chief of staff for operations of the 25th Infantry Division in 
combat in April 1943 and the following month became chief of staff of that 
ivision. 
; From July 1 to August 20, 1944, he was on rotation leave in the United States. 
He then returned to the Southwest Pacific Theater and was assigned as execu- 
tive officer of the 25th Division Artillery, in which capacity he served until 
November 1945. 

In February 1946, he became Chief of the Disciplinary Branch, Personnel 
and Administration Division of the War Department General Staff at Washing- 
ton, D.C. He was appointed deputy chief of the Military Personnel Manage- 
ment Group of the War Department General Staff in November 1946. 

He went to Tokyo, Japan, in August 1949 for duty with the Military Personnel 
Division of the Far Kast Command. In April 1950, he was named executive 
officer of the 25th Division Artillery in Japan. The following July he accom- 
panied that unit to Korea and served as its executive officer in combat until 
June 1951 when he became commander. 

In August 1951, he was reassigned as deputy chief of the Military Personnel 
Management Group, War Department General Staff, and in November 1951, he 
became chief of that group. He assumed command of the 31st Infantry Division 
Artillery at Camp Atterbury, Ind., in September 1952. He was named com- 
manding general of Camp Carson, Colo., in January 1954. 

He was transferred to Europe as commanding general of 7th U.S. Army 
Artillery May 1954, and in the fall of 1955 was named as Chief of Staff for the 
Tth Army. 

In August 1956, he was assigned to Army Element, Headquarters Detachment, 
Joint Task Force 7, Washington, D.C., reporting in November 1956. He was 
assigned to the Oflice of the Chief of Army Research and Development, September 
15, 1958. 

He and Mrs. Dick have two sons, William W. ITT and Laurin L. 

Decorations: He has been awarded the Legion of Merit with Oak Leaf 
Cluster ; and the Bronze Star Medal with Oak Leaf Cluster. 

Promotions: He was promoted to first lieutenant August 1, 1935; to captain 
September 9, 1940; to major February 1, 1942; to lieutenant colonel October 28, 
192; to colonel September 9, 1943. He reverted to lieutenant colonel June 30, 
147; and was promoted to colonel September 7, 1950; to brigadier general No- 
vember 7, 1952 and major generil December 21, 1955. 
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STATEMENT OF MAJ. GEN. WILLIAM W. DICK, JR., DIRECTOR op 
SPECIAL WEAPONS, OFFICE OF THE CHIEF OF RESEARCH ay 
DEVELOPMENT, DEPARTMENT OF THE ARMY 


General Dick. Mr. Chairman, I am Maj. Gen. William W. Dic 
Jr., Director of Special Weapons, Office of the Chief of Research anj 
Development, Department of the Army. 

Last February when I appeared before the full committee I en. 
phasized two subjects—space activities and the status of the ant. 
ICBM program. In discussing space, I outlined the Army’s interegs 
and requirements in geodesy, communications, meteorological and 
intelligence satellites, and in space defense. In the anti-ICBM field 
I restricted myself primarily to the Nike-Zeus program. Today | 
would like to summarize briefly all the Army Research and Develop. | 
ment activities under my cognizance, to wit—surface-to-air misgil 
systems, nuclear energy, surface-to-surface missile systems and space 

First, the Army’s surface-to-air, or air defense, guided missile sys. 
tems. As you gentlemen are aware, the Army is engaged in the | 
research and development of surface-to-air missile systems in view of : 
the Army’s assigned mission in this field—a mission to organize and 
equip Army air defense units not only for our forces in the field but 
for the Army’s contribution to the air defense of the continental 
United States as well. 

To establish a basis in logic, I would like to discuss the concept of | 
air defense which guides the Army in the development of its related | 
weapons and its tactics. The Army surface-to-air missile systems 
are designed to provide a building-block type of air defense. In 
this concept, the laste building block is the missile battery which is 
a self-contained fire unit capable of fully autonomous operation. The 
number of such batteries established to defend critical targets can be 
increased as resources permit until the price of penetration to the 
attacker becomes prohibitively high. Thus, they can and do defend 
vital targets of substantial size which in the aggregate constitute | 
extensive urban areas and complexes, any one of which may cover | 
thousands of square miles. 

The Army pioneered the free world transition of weaponry from 
tube antiaircraft to the surface-to-air guided missile with the develop- 
ment of Nike-Ajax which first became operational in 1953. 

This is a slide showing you an actual Ajax operating site in the | 
United States. 
Mr. Wotr. Are they that easy to spot from the air? 

General Dicx. Yes. It is one of the problems of air defense and 
T don’t know any way to get, around it. 
Mr. Wo F. Is there any attempt to camouflage ? 

General Dicx. They have tried, though it is my personal doubt 
you can camouflage these positions to any great extent. You cant | 
cover them to any extent because you have to shoot from them. You | 
can tone them down with paint and throw nets over the square edges 
of your design that would make it more difficult for high flying air- 
craft or where the visibility is not particularly good. It is not a 
easy target to camouflage. Their existence is well known to all of | 
our friends and enemies. The locations are pretty well knows, I | 
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am positive. I don’t think there would be any great problem in 

The second generation of the Nike family, Nike-Hercules, with its 
greatly increased range, altitude, and demonstrated capability to 
destroy air-supported supersonic targets, coupled with its ability to 
utilize either conventional or atomic warheads, became operational 
in June 1958. 

Here you see a dual installation, or part of one, where we have the 
Ajax missile on the left and the Hercules missile on the right, both 
fired from the same launcher and the same battery position. Could 
I have the next Nike slide? Here is a partial launching area of one 
of our continental sites. 

Mr. Wotr. How many men does it take to operate one of those 
batteries ? 

General Dick. About 130, roughly speaking, Mr. Wolf. 

This is the control area of the Nike battery showing your command 
radars and acquisition radar. By the nature of the system this part 
of the operation must be separated by 1,000 meters from your launch- 
ing sites in that the missile and target must interact at the same time 
so they can match at the intersect point. 

Mr: Wotr. Are these on alert all the time? 

General Dick. Yes, 24 hours a day. This is a picture of the Nike- 
Hercules in actual flight before booster separation. For your infor- 
mation the grouping of the boosters here on the Hercules is a group- 
ing of four Ajax boosters. 

The Hawk, which is the third of the Army air defense missile 
systems, is to become operational late this year. 

This is a launcher showing the three missiles it generally carries. 
These can be fired single or in ripple type firing at about 5-second 
intervals. 

Mr. Wotr. What kind of a seeker do they use? 

General Dick. This is a homing-all-of-the-way system, a semi- 
active radar signal. The target is illuminated from the battery posi- 
tion. The reflected energy is then picked up in the radar which is 
carried in the nose of the Hawk missile and it homes on that reflected 
energy. 

At the end of my brief prepared statement I would like to show you 
a film, which runs about 6 or 7 minutes, which I think would give you 
a better idea of the capabilities of these systems than any words I can 
use. The Hawk system is optimized for defense against low level 
attacks and has demonstrated its capabilities by the successful inter- 
cept of target. drones at treetop level. Its capability to intercept 
supersonic targets was demonstrated when it destroyed a Q-5 target 
missile flying at 1,400 miles per hour. 

The final air defense system I will discuss is the third generation of 
the Nike family, the anti-ICBM missile system, Nike-Zeus. This 
system which will provide protection against all forms of the ballistic 
missile threat including air-launch ballistic missiles, IRBM’s and 
ICBM’s, has largely progressed to the point where the Army has every 
confidence in its ability to perform as designed. During its develop- 
ment effort to date, several major technical advances in the state of the 
missile and radar arts have been achieved. Our progress to date, plus 
the suecess of Nike-Ajax and Nike-Hercules, provide confidence that 
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the Nike-Zeus system, when deployed, will counter not only the ballis. 
tic missile threat of the near future, but can also grow to meet the 
more advanced ballistic missile threats of the more distant future and 
might even provide this Nation with some active antisatellite defensg 
capability. 

n the area of nuclear energy, the Army is concerned with its util}. 
zation for both nuclear power and, of course, for atomic weapons, 
The Army is developing a family of nuclear powerplants for remote 
and isolated installations of all three services. In addition, we are in 
the early stages of development of nuclear powerplants for propulsion 
of special purpose vehicles. The utilization of nuclear energy, we feel, 
will do much to reduce ultimately logistics requirements in the Army 
of the future. } 

Our primary concern in the development of atomic weaponry, to 
include guided missiles, shells, rockets, and atomic demolition muni- 
tions, is to produce weapons systems which can be utilized in future 
mobile warfare. Our objectives are to achieve systems which ar 
lightweight, flexible, highly mobile, accurate, and reliable, thus en- 


abling the Army to perform its missions successfully under all types _, 


and conditions of ground warfare and in air defense. 

Turning now to surface-to-surface missiles, the Army, as you know, 
has had several of these weapon delivery systems in the field for some 
time. 

Deployed overseas are the Honest John free rocket, the Corporal 
75-nautical-mile ballistic missile, and the Redstone 175-nautical-mile 
ballistic missile. In addition, the relatively small but highly mobile 
Little John free rocket has been issued to the 101st Airborne Division 
for training and development of combat techniques. 

The activation of our first two Lacrosse battalions prior to the end’ 
of this month has been announced. This highly accurate tactical mis- 
sile will be used in close support of ground troops. 


The surface-to-surface missiles I have mentioned so far are “first | 
generation” missiles and are limited in some cases by size and weight, 


requirements for highly skilled personnel, and requirements for sup- 
porting equipment. We are striving to achieve the minimum number 
of highly mobile, reliable, easy to handle, operate, and maintain sur- 
face-to-surface weapons systems to provide the support necessary for 
the Army’s role in any one of the several types of warfare that could 
be initiated in the foreseeable future. 

Well along in its development is our second generation replacement 
for Corporal, the air-transportable, solid propellant Sergeant guided 
missile weapon delivery system. Sergeant will be invulnerable to any 
known enemy countermeasures. 

Evaluation of feasibility studies on the new missile A has been 
completed. This rugged and highly mobile missile will be used in 
direct support of the Infantry battle group. 

In the field of longer range ballistic missiles, for employment at 
field Army and Army group level, the development of Pershing, a 
successor to Redstone, was started in January 1958. This develop- 
ment program is being carried out by the Martin Co., Orlando, Fla, 
under the technical direction of the Army Ordnance Missile Com- 
mand at Huntsville, Ala. Pershing will employ solid propellant 
motors of advanced design and will be lightweight and highly mobile 
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to support the Army’s tactical and strategic requirements. This mis- 
sile system will have a very rapid target engagement capability. The 
development program is oriented to incorporate the latest state of 
the art in all phases of missile technology. The Pershing program is 

roceeding according to schedule. The first captive firing of a missile 
i successfully conducted at Redstone Arsenal on May 30, 1959. 

The Army also developed the Jupiter missile which will be de loyed 
by the Air Force. This missile is now ready for use. The first USAF 
wit, well trained by the Army and equipped with preven Jupiter 
missiles, is available for deployment. The success of all phases of this 

rogram is exemplified by the latest firing, May 28, 1959, which re- 
sulted in the recovery of the nose cone containing the monkeys, Able 
and Baker, the first successful space flight of living creatures by the 
Western World. 

In furtherance of the national space effort, the Army is working 
in support of both the National Aeronaut ics and Space Administra- 
tio and the Advanced Research Projects Agency of the Department 
of Defense on various projects as assigned and funded by those two 


agencies. 


As I mentioned in my appearance before the full committee last 
February, the Army has a twofold interest in space. First we have 
an interest derived in furtherance of the Army’s primary combat mis- 
sion, and second we have an interest derived from the role the Army, 
through its capabilities, should have in a national integrated space 

rogram. 

: The major project the Army is undertaking in support of ARPA 
is the development of the Saturn, the heavy duty, military, workhorse 
satellite launching vehicle of tomorrow. 

This is the military effort to develop a million-plus-pound booster. 
As you can see, it is a clustered arrangement, multiple motored—eight 


motored, eight Redstone tanks surrounding a Jupiter tank. It has. 


_ runguided flights initially of a mock-up of this without t 


an ICBM type stage, which will go to about this height [pointing to 
model]. Above that there is an as yet undeveloped but more 
highly performing missile of the Centaur type developed by the Air 
Toree, surrounded on the top by a third stage, a relatively small 
6,000-pound-thrust motor to carry the payload into orbit. The pur- 
pose of this missile is to place in orbit a much heavier payload than 
we have been able to do so far. We are talking in terms now of a 
nultiton payload and to a standard orbit of 300 miles. With a lesser 
load you can go higher. 

Mr. Teacur. What is the status of this now? 

General Dick. The booster motor is under development at Redstone 
Arsenal at this time. The test stand from which it will be fired, 
hopefully before the end of this calendar year, is now under con- 
struction. It is several years before the third and fourth stages will 
be available. It will be necessary, of course, to have static firings 
of your primary booster motor. There will be undoubtedly guided 

upper 
sine and it will be a matter of several years now, before this will be 
y 


Mr. Worr. I have to ask my standard question. What is being 
done in the way of research for salvaging the booster for the second 
and third stages, without having them destroyed? We are getting 
into a very costly item. 
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General Dick. The methods of doing this have been worked ” | 


a booster itself. This should take place within a matter of a fey 
months, certainly within less than a few years. 

It is thought entirely feasible to recover these boosters without any | 
great difficulty, and the cost of the recovery, plus the transpdll 
back to your launch site, at present figures, ought to be about 40 per. 
cent of the cost of supplying another one, so that from the economic 
view it will be a worthwhile endeavor. All services are interested i, 
this articular problem, and I would guess in 2 or 3 years, the system 
will] be in effect. 

Mr. Karru. Why is it necessary to go into the expensive research | 
and development on so many different sizes of engines? We spent 

a great deal of money in developing a 100,000-pound thrust engine 

and we go up into 150,000-pound thrust and so on up the line. If 

we want bigger ones why don’t we go into building a bigger on 

instead of building all these intermediate range engines? I think 

they serve practically the same use and the same purposes, but if we 

want a million-pound-thrust engine, and I understand we are noy 

developing a single million-pound thrust engine—— 

General Dick. That is right. 

Mr. Karru. And we are going to be working on this for a nuniber 

of years before we develop anything, and probably on a single-thrast 

engine that develops the same power as this; why do we have to do 

these things? Why can’t we go ahead with one, instead of a half 

a dozen, because that costs a great deal of money. 

General Dick. All I would say, generally, in answer to your ques. 
tion, Mr. Karth, is this business is so young that people cannot really _ 
see far enough ahead. A matter of only a few years ago it wa | 
stated by one of our most able scientists in the space field that there | 
would never be any requirement of a motor of more than 150,000- to. 
200,000-pound thrusts. 

Mr. Teacur. Who said that? 

General Dick. One of our most eminent scientists. 

Mr. Teacur. Vannevar Bush, wasn’t it? 

General Dick. I would not like to state who. He was not the only 
one. But he could not see far enough ahead. 

Mr. Wo tr. He didn’t talk to the Army. 

Mr. Tracur. If you read his book you read a lot of things, and 
he was certainly one of the most respected scientists of his day. 

General Dick. He is not the only one who made that mistake, 
The Army was restricted in the size of the test stand at Huntsville, | 
because people did not believe the motors would get much larger. 
That is the first part. The second part of the answer is why this 
deals with the multi rather than single barrel because there is mor 
confidence that this can be achieved or developed than the single 
barrel. <A single barrel would be farther behind. This is made of 
components already tested. The problem here is to lash them to 
gether and to control the multiple motors so your system does not rm 
wild. There is no great doubt that this can fly. 

A single barreled motor with this power is going to be a much 
more difficult project. For one thing alone, such a motor could not 
be built and moved. It would have to be built where it was used. | 


and studied. There has been no full-scale attempt to actually recover | 
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This is about 20 feet in diameter and half the height of the Wash- 
ington Monument. : 
Mr. Moriier. Is there a test stand available? 

General Dick. No. 

Mr. Mortxer. Is the test stand being built? 

General Dick. We are going to build a test stand at Huntsville, 
adding to what we have. 

Mr. Moetxer. It will be something, 

General Dick. Yes. The cutout of this motor arrangement covers 
the whole end door of one of the largest hangars we have at Hunts- 
ville. It is a tremendous thing. 

Mr. Wor. If we are going to go in on outer space we have to have 
this space motor. } 

General Dick. There does not seem to be much doubt about. it. 

Mr. Karru. Wait a minute. Does this not serve the same purpose 
as a million-and-one-half-pound thrust chamber engine we have to 
build on the site ? 

General Dick. This would serve the same general purpose. 

Mr. Karru. Why do we have to build a million-and-a-half-pound 
thrust, in a single engine? 

General Dick. If you do it in a single engine it will be cheaper. 
But there is less confidence. 

Mr. Kartu. If you build 5,000 of them, it will not be any cheaper. 

General Dick. I hope not. 

Mr. Tracur. Any questions, Mr. Wolf? 

Mr. No. 

Mr. Tracue. Proceed, General. 

General Dick. To sum up, I might say this system is designed to 
put up a multiton payload into orbit. The immediate military mis- 
sion of the Saturn is to place a multiton payload into a 24-hour 
stationary, equatorial orbit for the operational worldwide satellite 
communication system. 

Obviously, this has ultimate commercial application. 

In addition to the Saturn, the Army is performing work for ARPA 
in the fields of satellite tracking, communication satellite payload 
development, and various space-supporting research projects. 

The Army is engaged in many space projects in support of NASA 
programs. The Army ot, nae orps is working on selected portions 
of the Tiros meteorological satellite project. ABMA, using the Juno 
II missile, which is a modified version of the highly successful Ju- 
piter, will place eight various scientific payloads into orbit this year 
and next. Also, ABMA will provide and fire eight Redstone and 
two Jupiter missiles in the ballistic trajectory-test phase of the Mer- 
cury-manned satellite program with the first manned flight being in 
a Redstone missile. 

This has been a very brief outline of Army research and develop- 
ment activities under my cognizance. 

Ishall be happy to answer any questions you may have. 

Mr. Tracur. What has happened to your antitank missile, Gen- 
eral? It has not anything to do with space—— 

General Dick. For reasons that are not easy to explain, the anti- 
tank missile is in my area and not General Britton’s area. Our 
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Mr. Tracue. Is that American or French? 

General Dicx. American. It did not work out. It was dis. 
appointing in its test runs. The Army decided there was no future jy 
it. We canceled the program and while we are trying to develop ; 
better system for employment, we have obtained a small number of 
French missiles, the SS-10 and its follow on, the SS-11. Howeye, 
these do not have the characteristics which we hoped the Dart woul 
have. So we considered the French missiles as interim types, 

Mr. Wotr. I had one academic question I wanted to ask first, At 
the Air Force aerospace display at the Paris aeronautics show, they. 
had on display the exhibit which demonstrated the first live anima) 
flight into space, which was supposed to have taken place in 1949 
or 1951, with a monkey. This was a straight up-and-dow 
proposition. 

General Dick. This was a probing rocket. It went right up in th 
air. It did not travel. It did not orbit. It did not make any par. 
ticular flight. It was from the New Mexico area. 

Mr. Wotr. That monkey is still living out West. I did not eve 
know of that before. 

General Dick. Yes. 

Mr. Wor. They are very proud of that. 

General Dick. I am sure they are. 

Mr. Wo r. I have been interested and have taken part in this dis 
cussion about the Bomare and the Nike-Zeus, and I still do not have, 
the thing resolved in my mind. It looks like the Bomarc is a ramjet 
engine and therefore it has strictly limited capability, and I never 
bought the idea, though the House bought it, that it is the one we 
should be spending our money on. I was wondering how the Nike | 
Zeus is coming on, which is a pure rocket engine. 

General Dick. The Nike-Hercules, Mr. Wolf, was actually the com. 
petitor in the money fight with the Bomare B. I should like to show 
you some of the things the Hercules is actually doing in a film. It has 

een on site since last June. It has been operational for about a year. 
The Nike-Zeus, an anti-ICBM missile, is also one of the systems which 
has been in some controversy in recent months. It is now in the hard- 
ware development stage. We are building the first components of 
the system at White Sands Missile Range now. The first ungitided 
flight should take place this summer. I can show you a few slides to 
_show you what the system looks like now. We are not talking about 
drawings now but hardware. 

Mr. Teacur. Would you show them, please? 

General Dick. This is one of the pedestals actually being con- 
structed at the plant at this stage of the game. 

This is a section of the radar, the transmitter portion, which is: 
large triangle, showing actually the stage at which we are in this 
particular component of the system. 

This is the radar, which is being constructed at White Sands Missil 
Range. It is about 95 percent complete at this time. 

This part of the system is being constructed at White Sands as the 
first stage in the radar development area within the missile system, 4s 

“you can see, it is quite a radar, judged by the size of the cars in the 


system was the Dart, which was under development for several year. 
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foreground. This will actually take readings this year on the flight 
first missiles. 
— Wor. Will this system be similar to the Nike-Hercules, with 
the battery ? 
General Dick. That is correct. 
Mr. WotF. So each one of those sites will be an independent unit. 
General Dick. Each will be an independent unit. 
Mr. Wotr. This is one of the things I feared with the Bomare. It is 
too automatic it would seem to me and all tied together, the entire 


m. 
TGeneral Dick. This is a purely autonomous system. The battery 
itself can take on its mission and perform. 

May we have the next slide. ; 

This is a mockup of the missile. The entire missile, except the 
booster, will be Teflon coated. This is to op sigon burning up due to 
its high speed and the friction which will be generated within the 
atmosphere. 

Mr. Wotr. What type of seeking equipment will you then put in 
the missile ? 

General Dick. This is the same guidance system that is put in the 
Hercules. It is a command guidance system. The system tracks the 
target and tracks the missile and the computer brings the two to- 
nl This is a new fiberglass nozzle to be employed in the main 
computer engine to lighten the weight and give characteristics we 
hope will be better than the nozzles which have been tested to date. 

This is a slide of a launching pit at White Sands Missile Range. 

This is another slide of the same pit, looking into the interior. I 
show you these to demonstrate the point that we are actually at in the 
business of getting ready to shoot some of these things in the develop- 
ment phase. 

This is a launcher used in conjunction with the firing pit at White 
Sands Missile Range. 

This is the control and computer station in its elementary form, the 
first component, the first part of the system—and this is now being in- 
stalled at White Sands Miasile Range for the development work at 
that site. 

I think to illustrate and respond to your question, Mr. Wolf— 
on the Hercules, I would like to show the films for about 8 minutes of 
some actual firings of Hercules and Hawks on actual target. One of 
the main problems is to find the targets to actually exercise and test 


‘the systems. This film will show you intercepts against the best 
targets we have found. 


The first is the F-80 Drone. Next, as a target we have a Matador, 


‘a surface-to-surface missile with top speed of 650 miles per hour. 


The fastest target we have today is the Q-5 Drone. In effect this is an 
air-to-surface type missile. It is the most difficult one we can find to- 
day to test the system. This Drone reaches the speeds of over mach 3, 


‘at altitudes of about 70,000 feet. To go to higher altitudes, we have 


no flying drone type missile. We have only what we call the Pogo 
High, .w ich is a_rocket-type parachute missile placed above 150,000 
eet, 


Mr. Wotr. ICBM would be mach 5. 
General Dick. An ICBM will bemach 30. 
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Mr. Wor. A mach 30. 

General Dick. Yes. 

Mr. Wo tr. And this is mach 3. 

General Dicx. This target is mach 3. 

Could we have the film now, please ? 

_ This isa picture of a Hercules in flight. You see the booster separa. 
tion. 

This is the F-80 Drone. The intercept you saw was at 30 miles 
range and about 25,000 feet altitude. 

The next sequence will be against a low-flying F-80 Drone, at less 
than 1,000 feet. 

This again is the missile. This is the low-flying QF-80 Drone at less 
than 1,000 feet. The intercept range here is about 13 nautical miles, 

Mr. Yeacer. What is the speed of the Drone? 

General Dick. About 300 miles per hour. The top speed of that 
Drone is about 385. This was probably flying at something less than 
that. 

ane is the Air Force Matador surface-to-surface air-breathing mis. 
sile. 

We got use of it. The Air Force had a test, they turned it over to 
us when they had finished with it, and we made an intercept test out 
of it. This takes place at about 500 miles per hour and the altitude 
at intercept was about 40,000 feet. 

This is the Hercules missile, on its launch pad. 

These shots are all in slow motion. 

Again you can see the booster separation. 

oo is the Matador target. The Hercules came in from the upper 
eit. 

The next shot is one of the Q—-5 target Drones. As you can see, this 
is a missile. It is the fastest target available today. It is being 
loaded into the bomb bay beneath a B-50 aircraft. 

It will be launched from the air. 

This again is a missile that has a speed in excess of three times that 
of the speed of sound. 

Mr. Kartu. What is the altitude there? 

General Dick. It can work up to just. about 70,000 feet. 

The Q-5 is now falling free, and when the necessary separatien is 
attained; its booster motor will then take over and it will-start to fly 
under its own power. 

This is the target, the Q-5. The altitude is above 60,000 feet on this 
intercept. The speed is about 1,400 miles per hour. The Hercules 
has actually intercepted the same target at about 2,000 miles per hour. 
This is a stop-go sequence of the same intercept. 

Mr. Woxr. Has there ever been a test of the Nike against the Bo- 
mare 

General Dick. No. We think the Q-5 is a much more difficult test 
than the Bomare. It is faster and much smaller. 

Mr. Wotr. You don’t think it would have any problem with the 
Bomare, then ? 

General Dicx. I do not. 

Mr. Kartu. How fast is the Bomarc-B? The A is subsonic? 

General Dick. Yes. 

Mr. Worr. But the B is supersonic? 
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General Dick. The B is about the same speed as this target drone. 
It is a good deal larger target and we consider it a good deal easier 


t. 
Worr. OK. 

General Dick. The next sequence here and the last one shows an 
intercept on the Pogo High rocket-type target. We have to use this 
kind to get up above 100,000 feet. No target or plane can go that far. 

This particular intercept is about 150,000 feet. 

Thisis the target, the Pogo High. 

Normally the Hercules comes in from above. Obviously, for a tar- 
get this high, it came in from below. It is the only shot I have seen 
on this particular type. 

This is al] I have prepared, Mr. Chairman. If there are any ques- 
tions, I would be glad to answer them. 

Mr. Wotr. Do these have to actually make physical contact, or is it 
just proximity ¢ 

General Dick. They do not have to make contact. 

Mr. Wotr. The closest point at which they pass? 

General Dick. The computer figures when they should fire, and 
that would be the closest point between the trajectory of the missile 
and the target. Of course, the Hercules has a different type warhead 
than what you saw here. It has an atomic warhead also. 

Mr. Teacur. Thank you, General. 

We have Dr. Frolich and Dr. Power here. 

I understand they do not have prepared statements but I thought 
they might all come and sit in front of the witness table and let us talk 
to them a little bit. 

Mr. Wor. Before the General leaves, could he keep us posted on 
when they expect the first Nike-Zeus ? 

General Dick. The first. unguided flight would be this summer, and 
the first partial system test would be in the summer of 1961, and the 
first full test at Kwajalein Island in 1962. 

Mr. Wotr. I hope you will keep the committee posted. 

General Dick. Yes, sir; I will do that. 

Mr. Teague. General Dick, who took Dr. Martin’s place? 

General Dick. Mr, Morse. 

Mr. Teacur. He is really your civilian top scientist in Department 
of the Army ¢ 

General Dick. That is correct. 

Mr, Teague. Dr. Frolich, we will insert your biography at this 

int. 

(The biography is as follows :) 


BIOGRAPHICAL SKETCH OF Dr. PER K. Froticn, Deputy CHIEF CHEMICAL OFFICER 
FOR SCIENTIFIC ACTIVITIES, ARMY CHEMICAL CORPS 


Dr. Frolich, formerly vice president for Scientific Activities of the Chemical 
Division of Merck & Co., Inc., manufacturing chemists, Rahway, N.J., assumed 
his present duties as Deputy Chief Chemical Officer for Scientific Activities early 


| in December 1954. 


A former president of the American Chemical Society, Dr. Frolich holds 
honorary doctoral degrees from Rutgers and Lehigh Universities. He has con- 
tributed about 60 papers to scientific publications, covering work in electro- 
chemistry, high pressure gas reactions, and other fields, and holds about 75 


_ patents. In 1930 he was awarded the Grasselli Medal by the British Society 
_ of Chemical Industry for his studies on organic chemical reactions carried out 
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at high pressure. During World War II he served on the executive committs | 
of the Chemical Division of the National Research Council, and was profesgsiong | 
consultant of the Office of Rubber Reserve, the Rubber Reserve Co., and thy | 
Office of the Rubber Director. 

Dr. Frolich’s activities in the American Chemical Society have included the 
following offices: Chairman of the North Jersey Section (1934), chairman of th 
Division of Petroleum Chemistry (1938-40), councilor-at-large (1940-41), preg. 
dent-elect (1942), president (1943), director (1942-46), and member of the Coy. 
mittee Advisory to the Chemical Corps. 

He is also a member of the American Institute of Chemical Engineers, the 
Society of Chemical Industry, advisory counsel to the Department of Chemica) 
Hngineering, Princeton University, advisory board of the Research Coungil ¢ 
Rutgers University, and visiting committee of the Department of Biology, Maggy. 
chusetts Institute of Technology. 

Born in Norway in 1899, Dr. Frolich received his technical education 
Norway Institute of Technology, and then remained for a year as a teacher 
Awarded an American-Scandinavian fellowship, he undertook graduate study g 
Massachusetts Institute of Technology, receiving a master of science degree jy 
1923 and a doctor of science degree 2 years later. He became an associate 
professor at M.I.T., teaching and conducting chemical research until 1928, 
when he joined the Standard Oil Development Co. of New Jersey, becoming 
director of the chemical division of Esso Laboratories in 1936. He joined Merc 
& Co., Inc., in 1946. 

In his present position Dr. Frolich has immediate responsibility for researc) 
and development and engineering activities throughout the Corps. 


Mr. Tracue. How much can you tell us about what is going on in the | 


Chemical Corps, without divulging things you shouldn't? What 
kind of research is going on? What are we looking toward? (Quy 
you tell us anything, or would you rather not say anything? 


STATEMENT OF DR. PER K. FROLICH, DEPUTY CHIEF CHEMICAL 
OFFICER FOR SCIENTIFIC ACTIVITIES, ARMY CHEMICAL CORPS 


Dr. Froxicu. No. We are doing a great deal of research and de 
velopment work in the Chemical Corps on agents, which may lend 


themselves to weapon systems and, of course, there are always two | 


sides to it: 


One is to anticipate what weapons may be used against us, so that | 


we are deeply in the protective end, too, against warfare in the chen- 
ical field. 

Mr. Tracur. Could you be a little more specific, in talking about 
it, rather than just saying weapon systems ? 

Dr. Froricu. Probably some of those things could better be dis 
cussed in executive session. And General Stubbs will appear, I under- 
stand, before the committee on Tuesday, and will then at that time 
present several of these aspects. 

Mr. Tracur. What about the amount of research being done and 
the money available, and what you people think should be done? 

Dr. Froticu. Well, it is the same story, I think, that was presented 
by General Trudeau yesterday, that everybody can use more money, 
and thinks he can use more money than he has, and it is a question of 
cutting the pie as it goes around. We try to make the strongest pres 


entation we can, in justifying the expenditures and the budget that | 


we would like to have, and then we do the best we can with what we 
get. In the Chemical Corps we have a research and development 
budget of about $36 million. Of that, about $2.8 million are for out- 
side contract work with industrial organizations, universities and 
other types of research institutions. 
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We hope to get some more money that will increase our outside 
contract work to about $5 million-plus. In other words, we are now 
doing about 8 or 9 percent of our work on the outside, and we would 
like to see that come up to between 15 and 20 percent. General El 
mentioned in his statement that, because of the nature of the wor 
that we are doing, dealing with toxic agents, there are safety measures 
that have to be taken, and in some cases, we are better equipped, with- 
inthe Chemical Corps, than are outside organizations. 

We have tremendous respect for the potentialities of the American 
chemical industry in contributing to the program. 

Mr. Kartu. How about the psychological field; are you doing any- 
thing in that field, and the biological field 

Dr.Froticu. Yes. Inthe psychochemical field we are working with 
various agents. 

Mr. Kartu. Are you doing considerable work in that field, or would 
you say it is limited ? v 

Dr. Froticn. Roughly, about $500,000 worth of work is being done 
in that field. eo 

Mr. Kartu. This is a very small part of your total, then, is it not? 

Dr. Froticu. We expect next year for it to be up in the order of 
$1 million. 

Mr. Kartu. Has the Chemical Corps pretty well perfected nerve 
gases, on Which there was some testimony before the committee last 

eek 
pe Frouicu. Yes, sir. I think we are far along in that field. 

Mr. Teacur. Are there any questions ? 

Dr. Froticu. I understand that one question was asked before, or 
at least there was considerable interest in the humanitarian side of 
chemical agents, and I was wondering whether the committee might 
be interested in some of the figures from World War I that have 
meant an awful lot to me, in molding my interest in this field. 

Of the casualties in World War I, whe chemicals were used, of 
the U.S. casualties, 27.3 percent were from chemical agents. That isa 
much higher figure than most of us realize. The other 72.7 percent, 
then, were from all other weapons and causes. 

Of the chemical casualties, only 2.0 percent were fatal, whereas of 
the other casualties, 24.7, or almost 25 percent, were fatal. 

That is only a partial answer. An attempt was made, since the 
portal of entry of these chemicals were largely through the pulmonary 

stem—an attempt was made to follow through on the effect of 
chemicals on tuberculosis, at the veterans’ hospitals. I think it was 
concluded that while those figures were not statistically significant, 
and there is no medical man here who can back me on this—the figures 
were not statistically significant, but, if anything, they showed that 
people who had been attacked by chemicals were a little less susceptible 
to tuberculosis than others. They are not conclusive, and I mention 
them as of interest, because it was not overwhelmingly the other way. 
Mr. Karru. How about germ warfare; are you working in that 


field 


Dr. Froricu. We are working in that field. Again, I would rather 
not go into it too deeply. A great deal of our work there has to be 
directed to the defensive aspects. In other words, what we see we can 
do we might expect might be directed against us, and so there again 
the defensive aspect is being emphasized very strongly. 
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P eg Karru. Could you say how much your expenditure is in thy | 
eld? 

Dr. Froricn. About $17 million in the chemical field and about $19 | 
million in the biological field, approximately. 

Mr. Tracve. Is there anything else you want to tell the committe, 
Dr. Frolich? 

Dr. Froticu. Nothing else comes to mind at the minute. 

Mr. Teague. Thank you, Dr. Frolich. 

Dr. Thank you. 

Mr. Tracur. Dr. Siu, we will insert your biography at this point 

(The biography is as follows :) 


BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 


BioGRAPHICAL SKeTcH OF RatpH G. H. Srv, CHter ScIENTIST, QUARTERMASTR 
Corps 


1. Addresses.—Office: Office of the Quartermaster General, Second and R 
Streets SW., Washington 25, D.C.; phone Liberty 5-6700, extension 74999 
Residence: 1225 13th Street N.W., Washington 5, D.C.; phone Hudson 3-9320, 

2. Personal data.—American, born on February 24, 1917, married. 

3. Education.—B.S. in chemistry, University of Hawaii, 1939, M.S. in plant 
physiology, University of Hawaii, 1941. Ph. D.in chemistry, California Institute 
of Technology, 1943. 

4. Industrial. experience.—Seientifie aid and research fellow, pineapple experi. 


ment station, 1986-41. Developed method of vegetative propagation. Sixty | 


offsprings obtained from one parent, as compared to four previously. 

5. Academic experience.—Teaching and research fellow, California Institute of 
Technology, 1941-45. Ph. D. thesis on how embryonic cells mature. Exercised 
32-cell embryos grown in test tubes. Postdoctorate research on chemical strie 
ture of guayule rubber. 

Research associate, Harvard University, 1949-51. Lectures and research on 
fungi physiology. “er 

6. Government experience.—Assistant chemist, Department of Agriculture 
1944. Identified essential oils imparting poor quality of guayule rubber. 

Biochemist, Army Quartermaster Corps, 1945-48. Advanced theory of cheni- 
eal blocking of susceptible molecular groupings to provide multipurpose treat: 


- 


ment to cotton textiles, including mildew resistance. Method has practical 


promise. 


Research Director of Pioneering Laboratories, Army Quartermaster Corps, 


1948-51. Long-range research included mechanism of heat transfer, infrared 
reflectance, insect attractancy and repellancy, microbiological deterioration, 


chemistry of taste and odors, instrumental analysis, technical library, and patent ' 


services. About 70 persons involved. 


Associate Technical Director, Army Quartermaster Corps, 1952-53. In addi — 


tion to the above-mentioned fields, supervised nutrition, food stability, human 


engineering, consumer acceptance, geography, climatology, physiological stresses, | 
arctic oil-resistant elastomers, fiber physics, and fabric geometry. About 40 


persons and many research contractors involved. 
Technical Director, Army Quartermaster Corps, since 1953. Chief scientist 
over basic and applied research, development, applications engineering, specifica 


tion, and heraldic programs. Military models are developed and specifications ' 


written for 16,000 basic items purchased in annual multibillion-dollar procure. 
ments. These include food, clothing, tentage, furniture, personal equipage, 
refrigerators, ranges, bakery, laundry, shower units, fork trucks, materials and 
petroleum handling equipment, aerial delivery kits, insecticides, rodenticides, 
bactericides, paints, plastics, rubber, packaging and crating. About 130 
civilians, 700 military personnel, and many academic and industrial contractors 
and advisers involved. 


7. Advisory and Coordinating committees.—Served on many, such as tech | 


nical adviser to the congressional panel on the impact of the peaceful uses of 


atomic energy and as member of the National Academy of Sciences Study Group | 


on Tmnact of Atomic Energy on Agriculture and Food Supply. 
8. Public appearances.—Many, before lay, scientific, academic, industrial. mil 
tary, radio, TV, congressional, and other groups. 
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1s,—Extensive traveling in connection with research and engineering 
i ction, in Canada, Congo, Denmark, Egypt, England, France, French 
West Africa, Germany, Holland, Japan, Kenya, Korea, Nigeria, Okinawa, Sudan, 

it $19 gweden, Switzerland, Uganda, and the United States. 

10. Publications—Author of many papers on terpene chemistry, embryo 
owth factors, microbiological control, enzymes, tropical deterioration of ma- 
7 teriel and radiation preservation of foods. 

Holder of two patents on melt-spinning of ultrafine filaments and forming of 

tous panels. 
flanhor of research monograph (Reinhold, 1951), entitled “Microbial Decom- 
ition of Cellulose.” 7 
tas Author of philosophical book (MIT and Wiley, 1958), entitled “The Tao of 
ce.” 
*coatitor of research monograph (Government Printing Office, 195S-59) en- 
titled “Radiation Preservation of Food.” 


{ASTER 
STATEMENT OF DR. RALPH G. H. SIU, CHIEF SCIENTIST, 

and R QUARTERMASTER CORPS 

74869, 

320, Mr. Teacue. Dr. Siu, what is happening in the Quartermaster 
st 

Ps or Srv. Mr. Chairman, our efforts are directed toward making the 


individual soldier the most effective fighting machine possible any- 
xp where over the globe. You may break down the research into four 
categories : 
tute of First, we study the nature of the terrain all over the world, the heat, 
reised cold, rain, terrain, fog, humidity, micro-organisms, and so forth, to 
struc which the men are exposed. 
Second, we study the reaction of the men to these environmental 
factors. 
ulture, Third, we study the type of materiel necessary to support their in- 
dividual needs. 
che And fourth, we study the type of hardware needed to support the 
actiea’ | logistics behind the man. 

o study the environment, we have an extensive program. For 
Corp, example, we note the frequency of days in the Arctic which are ex- 
| ted to fall below a certain temperature during various months of 
patent | the year. From this we know what man will have to be protected 

against, what particular type of stress, you see, during various times 
1add | of the year. If you were to mount a campaign in a given area, you 
humat | had better be sure your equipment and your human beings can weather 
nt 4). type of stress. 

_ Similar environmental studies are carried out for the hot areas of 
ientit the world and the desert. We even map out the frequencies of dust 
*, storms so that the designer of air filters will know the degree of re- 
‘occur.  fement against which his filter system should be designed. 

Lipage, With regard to studies on the reaction of the human being to these 
Isand stresses, we have two large climatic chambers, one on the arctic side 
icides and one on the tropical side, in which human volunteers are sub- 
jected to different types of environmental stresses. From these ob- 
| servations, you can tell the effect of various degrees of stress given 
: te. | differing amounts of water, food and clothing support for various 
ses of lengths of time. 
As far as the supporting equipment is concerned, we are concerned 
1. mils | With food, clothing, and personal equipment. In the areas of food, 
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the factor of nutritional adequacy. 

This brings up the question of dehydrated food for weight sayj 
and the research that goes into the question of minimizing the und. 
sirable chemical changes that occur as a result of storage. 

You are interested in having a type of diet that does not contribu; 
to the exposures to which you would expect your men to be gu}. 
jected. To take a typical example, which was mentioned earlier, thy 
question of the resistance of a soldier to radiation exposure. We foun 
from preliminary experiments that the diet influences the humy 
being’s resistance to a radioactivity in the background. So the formy. 
lation of our diet should take that possibility into consideration, 

In the matter of clothing, we are developing flame-resistant cloth. 
ing that will protect against the thermal effects of the atomic bom) 
Quite a bit of success is being realized in that regard. We are aly 
developing thermal creams against the same hazard. 

By way of supporting hardware we do our share in developing 
new materials for the Army. We have been assigned the respons. 
bility for developing low-temperature-resistant rubber, for example 
Since this is a basic ingredient, the rest of the technical services hay 
asked us to take care of that assignment for them, while they co. 
centrate on the molding of the new rubber into their respective hari. 
ware. 

To go further into logistical support equipment, I can name thre 
examples: One is aerial delivery systems. That includes the pan. 


materiel in airborne operations. 


ment for paratroopers. 

A second area lies in the delivery of P. O. L. Tonnagewise, that 
is a tremendous thing. The mobility of the Army is frequently gov. 
erned by the speed and rapidity with which P. O. L. is delivered 
Accordingly, the innovations of really new and superior methods of 
delivering gasoline, I think, is one of the urgent matters before us in 
quartermaster research. 

A third area is the transportation of supplies over rough, unpre 
ared terrain. You are acquainted with the commercial warehou 
ing forklift truck, for example. When used over the rough terrain, 


we ve the rigors. So we are developing military models. 
This brief gives you an idea of the type of research which the Quar- 


dividual combat man operating most effectively over all regions of 
the globe. 

Mr. Tracue. Are there any questions? 

We will insert the biography of Dr. Power at this point. 

(The biography is as follows :) 


BIoGRAPHICAL SKETCH OF Dr. Roy Burton Power, JR., TECHNICAL DIRECTOR if 
RESEARCH AND DEVELOPMENT AND CHIEF SCIENTIST, OFFICE CHIEF OF ORDNANCE 


Born, Lawrence, Kans., July 17, 1911. 

Married, three children. 

B S.E.E., University of Kansas, 1933. 

M.S.E.E., Harvard University, 1935; Sc.D. (engineering), Harvard, 19), 
Research engineer, Kennecott Wire & Cable Co., Rhode Island, 1937-42. 


obviously you are interested in the logistical advantages as wel] | 


chute, the platform and the rigging system for the airdropping of. 


We also look after the interest of the Army in parachute develop. 


or over the beaches, such forklift trucks are not capable of with | 


termaster Corps is pushing. It is all tailored toward getting thei. | 
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project engineer and professor of engineering, ordnance research laboratory, 
pennsylvania State College, 1945-50. 
Scientific adviser to Chief, Research and Development Division (1950-53), 
and technical director, Research and Development, Office of Chief of Ordnance, 
Department of the Army (1953 to present), giving scientific advice to Chief, 
rch and Development Division, on all technical aspects of the ordnance 
research and development program. 


STATEMENT OF DR. ROY B. POWER, TECHNICAL DIRECTOR OF RE- 
SEARCH AND DEVELOPMENT AND CHIEF SCIENTIST, OFFICE 
CHIEF OF ORDNANCE 


Mr. Teacue. Dr. Power, what is happening in the Ordnance Corps? 
Dr. Power. Most of what you heard today is happening in Ord- 
ce. 
Tracve. That is right. 

Dr. Power. First, I might discuss the basic research program which 
General Ely mentioned, which is administered at the Office of Ord- 
nance Research, which is an operational office only, on Duke Univer- 
sity campus. We have about 50 people down there who manage this 

rogram, running roughly to $6 million a year, almost entirely con- 
tracted to universities; in fact, to individuals at universities. The 
average contract runs about $14,000 or $15,000 per year. : 

Really, what we are buying is the time of an individual.. This 
work is in the fields which we have determined to be of significance to 
the Ordnance Corps. Obviously, this does not mean they are solely 
of significance to ordnance. ‘They go across the field. 

A third of the work is in the field of chemistry, as you would ex- 
pect, because of our interest in explosives and propellants. About a 
quarter is in pure physics, about a quarter is in mathematics, and the 
remainder is in what we call engineering sciences. We do not solicit 
proposals. Proposals come in to us because of the expressed interest 
of ordnance research in sponsoring real high-quality research. As a 
result of this, we get proposals from university people all over the 
United States. I think at the present time we have about 350 con- 
tracts. These proposals are evaluated first by the staff at the Office 
of Ordnance Research; second, under a contract with the National 
Research Council here in Washington; and third, by our own scien- 
tists in the arsenal laboratories who have an interest in the particular 
field of the proposal. 

If the proposal is determined to be, first, meritorious, and, second, 
in line with our interest, and if we have the money, we go ahead and 
let the contract. If it is a meritorious proposal in a field that we do 
not think would be of primary interest to us, but which, for instance, 
may be of interest to the Quartermaster or Navy, we submit the pro- 
posal to them. We have very good liaison with the other basic re- 
search agencies in the Department of Defense, and outside of the De- 
partment of Defense. 

I do not think there are many meritorious proposals that are passed 
up because of Jack of funds today. I believe, that because of the pro- 
grams of the National Science Foundation, the Office of Scientific Re- 
search of the Air Force, the Office of Naval Research, and our own 
Army research, most of the scientists who want Government sponsor- 
ship cin get it today. This does not mean we are getting all the re- 
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search we would like to have, but I suspect the shortage is more of| 
the people available to do high quality research rather than of mon y 
to get available “ia I would hesitate to increase our present pro. | 
gram very rapidly. | 

Beyond this program, which as I say is contracted, we have excellen 
inhouse laboratories. We do about 35 percent of our research and de. 
velopment program, dollarwise, inhouse, and the other 65 percent op 
contract. A good bulk of the 35 percent is in the field that we cj 
applied research, midway between the basic research program of th 
Office of Ordnance Research and the developmental program. 

To carry out this program we have some of the best laboratorig 
in the world. To give you one specific example, the ferrous metal. 
lurgical laboratory at Watertown Arsenal is, in my opinion, one of 
the best in the world. It is better than the steel companies have. They 
have pioneered in the development of most of the high-strength steq| 
alloys coming into the market today. We have a similar nonferroy 
laboratory at Frankford Arsenal and a plastics laboratory at Picg. 
tinny Arsenal. These are in addition to the work you would expect 
ballistics and similar areas that stud our entire program throughout 
the United States. 

I think that covers a bird’s-eye view of our research programs, 
Mr. Tracue. Do you have any questions ? 

Mr. Wo tr. No, but I have some for Dr. Siu. 

I see that Dr. Siu is really a high-class farmer, after reading his 
biographic sketch here, and this interests me, because I like to thi 
I am a farmer, too. 

We have talked quite a bit about transportation into outer spam 
and exploration, and so on, but I do not think there has been ver 
much said about what we are going to feed these people out there with 
if they are going to stay any length of time. I wonder if you haw 
done any research on growing plants in these manned space stations 
and so on. 
Dr. Stu. We have done feasibility studies. We have done some, but | 
not very extensively, laboratory research, sir. 

Mr. Woxr. Would you be aware of it if there was work being done | 
in this direction ? 

Dr. Srv. Yes, sir. Considering space feeding, our organization is 
one of the best, if not the best, capable of doing this work. We hare 
thought about the problem and came to this conclusion: We can take 
care of the minimal feeding requirements of the man in space with a 
adaptation of the types of commodities we now have under develop- 
ment. 
For future essentially long-term living on another planet, however, 
we will have to do considerably more research. ‘The research must 
take the concepts which have been advanced, sift them, and adapt the 
feasible ones to the local space situation. A typical prototype feeding 
system for a man living on a planet without air can be envisioned 
follows: If he lives in a capsule, which is enclosed, there has to bes | 
carbon dioxide-oxygen exchange. This can be done efficiently by 
plants. You can, for example, have a lettuce farm, if you want to pit 
it that way, which will serve the dual function of taking care of the 
oxygen-carbon dioxide exchange, at the same time furnishing fresh | 
vegetables, which are difficult to be transported from planet Earth. - | 
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We feel the meat side of the diet may be fairly well under control 
with irradiated meats. In several more years wew ill probably have 
that particular type of commodity developed. The quality will be, to 
my mind, infinitely superior to the canned meats. It will be pretty 
freshlike. Thus, we can solve the meat problem by transporting irra- 
diated meat. We can furnish some of the leafy greens by local 
rowth. There is also a possibility of extending the shelf life of vari- 
ous fruits by various treatments to such a point that they may survive 
the space travel time. So the diet on a planet in the distant future 
ought to be fairly adequate, from the point of view of both nutritional 
value and taste quality. 
Mr. Wotr. I was primarily interested—and I am glad to have this 
material—in this idea of the carbon dioxide-oxygen exchange, where 
you actually generate oxygen as you go along. 

Dr. Stu. Yes, sir. We have in the Chemical Corps considerable 
competence in the growth of micro-organisms in circulating systems. 
If you go to the microsize plants—namely, algae—you can employ the 
system In Which the Chemical Corps is very experienced for oxygen- 
GO, exchange. There still remains the problem of converting the 
green algae into edible foods, of course. There is some work being 
done in Japan, for example, in which algae are incorporated into flour 
and made into biscuits. There may have to be some debittering of the 
bitter stuff in algae. If you are allergic to the green color of bread, 
you might have to decolorize it. Basically, though, algae is very nu- 
tritious. There is no reason why with more research it should not 
help space feeding. 

Mr. Wotr. Do you feel these plans for outer space are keeping pace 
with the Ordnance Corps, for example? 

Dr. Stu. No, sir. I feel the Ordnance Corps should command the 
greater portion of the allocated money because of the high equipment 
costs and engineering expenses. However, there is an old proverb: 
“Poor man who mingles with rich man loses poor man’s shirt.” But 
tobe serious about it, I do not believe the research toward maintaining 
aman in outer space has kept pace with the research in rocketry. 

Mr. Wotr. That is why I wanted to pursue this. 

Dr. Stu. Yes, sir. 

General Dick. I might say, Mr. Brucker in the past week has di- 
rected something be done about it—the problem which Dr. Siu so 
clearly stated. We recognize it and are doing something about 
it. 

Mr. Tracur. Is it not true, Dr. Siu, a lot more work is being done 


- inthis field by private industry than by the Government—for exam- 


_ growth on another planet—that is yet to come. Industry is working 


ple, the algae thing you are speaking about ? 

Dr. Srv. I think your statement is true, sir. I would like to add 
this bit of comment to it. The alga that people talk about is the 
chlorella alga. That alga has been used for many years by plant 
physiologists in studying photosynthesis, quite an academic problem. 


_ Such researchers have been working on this particular alga for many 
) years, without regard to the space problem. So we already have a 


great accumulation of fundamental knowledge on this particular 
organism. 
As far as other organisms are concerned—say, a better vegetable for 
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on the algae system, perhaps more than the Army. The Air Force js 
mAppOrting some research in it and the Navy also. 

r. Teacur. General, could the Department of the Army haye ap 
executive session with us to start about 9 o’clock tomorrow and end 
about 12? It would be necessary to check with the secretary of the 
committee. 

Do you have some information ? 

Mr, Yxracer. I have some information. I understand Genera] 
Trudeau would like to be here in the event there is an executive 
session, and Monday is his only available day. We can have this 
Monday if that is acceptable. 

Mr. Tracur. Would you check with other members of the com. 
mittee to see if they are going to be in town and will be at the meet. 
ing because I want everybody here for our executive meeting, If 
that opens out will you advise the Department of the Army and we 
will have our executive meeting Monday morning at, let us say, 9 
o’clock. Mr. Yeager, will you check with the members and let me 
know and then we will let the Department of the Army know. 

(Whereupon, at 11:40 a.m., the subcommittee adjourned, to re. 
convene at a later date.) 
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EXECUTIVE SESSION 


BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH IN 
THE DEPARTMENT OF DEFENSE 


TUESDAY, JUNE 30, 1959 


House or REPRESENTATIVES, 
CoMMITTEE ON SCIENCE AND ASTRONAUTICS, 
No. 3, 
Washington, D.C. 

The subcommittee met, pursuant to call, at 10 a.m., Hon. Victor L. 
Anfuso presiding. 

Mr. ANFruso. We will come to order. 

Admiral Hayward, we are very happy to see you here again and 
tohave your cooperation. Will you proceed, Admiral ? 


STATEMENT OF VICE ADM. JOHN T. HAYWARD, DEPUTY CHIEF OF 
NAVAL OPERATIONS, RESEARCH AND DEVELOPMENT, ACCOM- 
PANIED BY CAPTAIN METSGER, OFFICE OF NAVAL RESEARCH, 
AND GENERAL MARIS, DEPARTMENT OF DEFENSE 


Admiral Haywarp. At your request I am going to discuss the 
mutual weapons development program from the Navy point of view 
and also our Navy’s contact research program. 

I have Captain Metsger from ONR and General Maris from the 
Department of Defense with me. 

The mutual weapons development program was established by a 
special provision of the Mutual Security Act of 1953 with the pri- 
mary objective of increasing the defensive capability of our allies and 
improving our mutual security through the provision of U.S. financial 
and technical assistance to selected, highly promising projects for 
weapons of advanced design in their research and development pro- 
grams. Support of these projects is shared between the United States 
and the other nations on approximately a 50-50 basis. 

The MWDP is administered by the Director of Defense Research 
and Engineering in coordination with the Assistant Secretary of De- 
fense (International Security Affairs). The fieldwork is to a large 
degree decentralized and is carried on through the Mutual Weapons 
Development Team located in Paris. Headed by General Larkin, this 
team consists of a director and representatives of our three military 


_the missions of the three military department representatives are 
smilar in that they have the responsibility for the monitoring, re- 
vewing, and commenting on M WDP projects proposed by the allies 


of interest to their respective departments. 


279 


aa 
eral 
tive 
this 
J 
om- 
y, 9 
me | 
‘a 
» Te- 
ay 
|| 
ay 


280 BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 


In the initial increment of the proposed fiscal year 1960 MWDp 
the U.S. Navy will have the responsibility for monitoring 19 projects: 
* * * * * * * 


The foregoing projects are in addition to the Navy’s 29 MWpp 
projects that are currently underway in the various countries and op 
which progress data is provided periodically by each country jp 
accordance with the terms of the contract. 

The following MWDP projects which have completed development 
are of particular interest tothe U.S. Navy: r 

One of the MWDP projects that has lived up to all expectations js 
the Norwe ian-developed Terne III antisubmarine weapon system for 
use on small ships. * * * 

* * * * 


In addition to the above projects, an antisubmarine warfare re. 
search center has recently been established for SACLANT at Ia 
Spezia, Italy, under the mutual weapons development program. The 
mission of the center is to provide technical advice and assistance to 
SACLANT and other NATO commanders in the field of ASW. To 
this end the center has been directed to conduct operational research 
and analysis, oceanographic studies and research, and limited develop- 
ment in the area of submarine detection, identification, and classifica. 
tion. The participating nations which will provide technical assist- 
ance to the center include Canada, Denmark, France, Germany Italy. 
the Netherlands, Norway, the United Kingdom, and the United 
States. By agreement with the Government of Italy, that countryis 
to furnish the facilities and certain services while the United States 
will provide supporting funds for the initial period. * * * An inter. 
national subsidiary of Raytheon Corp. is now operating the center on 
a nonprofit basis, furnishing management and administrative services, 
The scientific director is a U.S. scientist, Dr. Boothe. The U.S. Navy 
is the acting agent of the Secretary of Defense for purposes of mon:- 
toring the contract. The United States is contributing $2,750,000 of 
military assistance funds for the first 2 years of operation. 

A U.S. Navy agency closely connected with the MW DP is the Of- 
fice of Naval Research, London. The Office of Naval Research, Lop- 
don, is the only U.S. Government agency abroad that functions pri- 
marily for scientific liaison. Activities of this Office encompass funda- 
mental research and extend into the area of technological develop- 
ment as related to naval equipment and operation, and provide some 
modest support for actual research and development in European 
laboratories. 


Its primary role—interchange of scientific information between the | 


United States and European countries—is effected by personal con- 
tacts and attendance to international symposia, ad hoc meetings, and 
group discussions. The ONR, London, scientific staff incorporates 
selected technical information into formal reports such as the Eu 
ropean scientific notes, technical reports, technical memorandums, 


and letters, which are the main media for transmission of scientific 


information. 

This Office also plays an important role in the mutual weapons de- 
velopment program and the Navy European research contracts pr0- 
gram, assigned responsibility for monitoring projects of MW DP, the 
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(fice recommends technical assistance, documents, and exchange of 
visits among technical personnel. Although closely coordinated with 
the Army and Air Force European research contracting offices, 
NERCP relies primarily on ONR, London, for a firsthand and ac- 
curateappraisal of European scientific capabilities. 

ONR, London, fulfills a requirement peculiar to the Navy’s techno- 
logical base which requires such immediate liaison and which, in turn, 
is dependent upon the unique environment it provides. 

That is the end of my statement, Mr. Anfuso. I can enlarge a little 
pit on it by saying that most of this development program, as you see, 
covers the research and development area. It does not go into the 
production area, what you have to do when you produce a weapons 

stem. 

We are now in the process with the Terne system of getting to- 
gether with Norway to see just what sort of a production setup they 
could make on it. I know the Army is in the process of buying the 
§S-11 from France and, as far as I know, they lave had no difficulty 
in getting it. 

Maybe General Maris can comment on it. 

Mr. Anruso. Thus far you have accounted for een in England, 
Italy, France, Germany, Switzerland, Norway, Belgium, Denmark, 
and—— 

Admiral Haywarp. Nothing in Germany. I did not say anything 
about Germany. 

Mr. Anruso. We have here a listing of NERCP contracts as of 
July 17, 1958. 

Admiral Haywarp. We do have that. These are all contracts of 
the Euro = 4 research contract operation. They are not connected 
with 

Mr. Anruso. These are all NATO countries? 

Admiral Haywarp. Yes, sir, except for Switzerland. 

Mr. Anruso. The only countries that you have not mentioned 
belonging to NATO are Spain, Portugal, Greece, and Turkey. 

Admiral Haywarp. The Navy has no MWDP contracts in Greece 
and Turkey. Spain is not a member of NATO, but Portugal is. 

Mr. Anruso. They are contemplating having Spain, and I hope 
some day she will be. 

Admiral Haywarp. We have looked at Spain. * * * At the 
moment we have no contracts there. * * * 

Mr. Anruso. You are working on contracts with Spain? 

* * * * ae ~ * 


Mr. Anruso. You mentioned lack of funds. Do you have enough 
funds to carry out the projects already in issue? 

Captain Merscer. Fes, sir, we have enough funds to keep going 
thoge projects which we feel must be kept going. There are reason- 
able terminations however when work is completed. 

Mr. Anruso. They would have to be renewed. In which event 
would you need additional funds? 

Captain Merscrr. Let me say that the present program is planned 
tofit the present availability of funds, sir. 

Mr. Anruso. Is the Navy, Admiral, contemplating any projects in 
the Far East, Near East, and South America? 


47386 O—59——19 


d on 
y in a 
nent 
ns is 
for 
t La 
The 
To 
elop- 
ifica- a 
ssist- 
tates 
nter- 
er on 
vices, 
Navy 
noni- 
00 of 
e Of- 
Lon- 
S pri- ‘oe 
unda- 
some 
opeall 
an the 
| con- 
S, and 
orates 
e Eu- 
entific 
ns de- 
pro- 
P, the 


282 BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 


Admiral Haywarp. Yes, sir. * * * We have been in close tough 
with the State Department—Dr. Brode of course is the scientific 
representative of the State Department. He is fully aware of wha 
we are trying to do and has encouraged us. 

We have not actually set up offices there yet. They would be very 
much along the pattern of the original setting up of the ONR office 
in London, which was a scientific liaison outfit. 

Mr. Anruso. With regard to such projects as you do have now 
have you perfect liaison with the State Peset ment 
Admiral Haywarp. Yes, sir, they are fully informed of what ye 
are doing. In the Department of Defense, the Assistant Secretary of 
Defense for International Security Affairs, is kept fully informed, | 
It is a well-coordinated program. I do not know if the committe: | 
has read the Draper report. It makes quite a mention of these types 
of programs. 
ith respect to the mutual weapons development program, we go _ 
50-50 with them. This is a good thing. In other words, they ar | 
contributing brains as well as funds. In the case of Norway, the | 
effort was tremendous. * * * So we tried our best to make sure that | 
they do not work in areas where we have already done the work, le 
them know what we are doing, so we can get the maximum out of the | 
technical people of the free world. 
As you know, a year ago last December, President Eisenhower mak | 
it the announced policy of the country. We have tried to implement | 
it as much as we can. 

Mr. Anruso. You have done very well. 

Dr. Sheldon, at this point in the record I would like to have in. | 
serted the specific recommendations of the Draper Commission, 
(The information requested is as follows:) 
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THE PRESIDENT’S COMMITTEE 


TO STUDY THE UNITED STATES 
MILITARY ASSISTANCE PROGRAM 


708 JACKSON PLACE, NW. 
WASHINGTON 25, D.C. 


June 3, 1959 
Dear Mr. President: 
Based upon continued studies since our first Interim Report on March !), 
1959, we are submitting to you our second Interim Report. This repor 


deals with “The Organization and Administration of the Military Assistang 


Program.” 

We expect to submit to you in the near future our recommendations op 
the economic assistance program. 

We reiterate our unanimous belief that the United States and the fre 
world are gravely threatened; that the military threat of the communis 
dictatorships is greater than ever; that, likewise, the communist economi 
and political threat and capability are increasing. 

While there is at the moment no widespread military conflict with th 
communist bloc, free world forces bolstered by our assistance are in fact 
confronting the enemy on many fronts. In certain areas, hostilities ar 
suspended only by uneasy truces. 


We have seen the development in recent years of a new dimension ¢ | 
the communist threat: The effective use by the communist dictators of 
military and economic aid programs. These dictators, not accountable 
to their people, move with great speed and flexibility in using their aid 
programs in support of their aggressive aims to take over or subvert 
additional free world countries. 

The scope and purposes of our Military Assistance Program have changed 
markedly since the program was begun some ten years ago as a hastily inst 
tuted series of measures to meet communist aggression in particular area, 
Our programs have now grown to include assistance to nations which ar 
clearly threatened with aggression or subversion. From mere reaction 
overt actions our policy has developed into one of anticipation of threatened 
events and the building of collective security. It has thus become a basi | 
portion of the defense structure of the free world and a bulwark of th 
long-range security interests of the United States. 
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Concurrently with the evolution of this concept, the nature and character 
of our Military Assistance Program have undergone significant change. 
| Our early programs consisted largely of shipments of conventional weapons 

drawn from post World War II stocks. Today, to meet the manifest needs 
of an adequate free world defense posture, new weapons having varying 
degrees of complexity appropriate to particular areas, are required. 
Since many of the threatened free world nations are not capable of pro- 
ducing and paying for essential weapons, there is a clear need for military 
assistance. To eliminate or drastically reduce military aid to a country 
| which is part of the present front line defense would constitute disengage- 
ment or withdrawal. This would, as certainly as in war, result in the loss 

of free world positions. And, since the threat will be with us for a long 
ch}7 time, our planning and programming should be grounded on a long-term 
approach. 

The administration of the Military Assistance Program has greatly im- 
proved through the years. Nonetheless, there remain serious deficiencies in 
planning and execution. These require correction if military assistance is to 
make its maximum contribution. We are convinced that our assistance 
programs must be administered with increased speed and greater flexibility, x 


e 
" fe and that this can be done effectively under our democratic processes. 
| use urgent need in this field is so to organize the administration of the 


Military Assistance Program that our aid can be provided on a selective basis 
th the in timely anticipation of threatened aggression. Only so can we build the 
kind of collective strength that must underlie our efforts to deter or turn 
back those tempted to use force to achieve the subjugation of free nations. 
By this, we do not mean to imply that all of our existing military assist- 
ance programs must be regarded as a permanent part of our national 
security position. For unless we do a selective job in this respect, we 
ntabl surely run the risk of dissipating, in response to competing demands of 
sir id | MARY nations, the quantities of materials and support available year after 
ubvet 
For this reason we recommend that there be reflected in the administra- 
banged tive process the substantive concept of selectivity, namely, that a con- 
tinuing critical program review be provided in the Executive Department; 
that such review be made in the light of our basic national security 
chan Mateey and that of the free world; that such review take into account 
the ability of other nations to provide their own share in the concept of 
oak true mutual security; and that any military assistance proposals which 
a bes) Ue Dot found conducive to the security interests of the United States be 
of th tliminated from our military assistance programs. Without such con- 
tinuing reappraisal and evaluation, there is danger that such programs 
tend to continue simply through their own existing momentum as a drain 
on limited resources beyond the period of their real need. Without such 


i 
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technique of selectivity in its administration, even this essential progran 
cannot long endure. 

The Committee is convinced that the key to successful administration | 
of the program lies in an effective working relationship between the De. | 
partments of State and Defense. This will require restraint by the Deen, | ) 
ment of State against becoming involved in the details of operations, , | | 
willing acceptance by the Department of Defense of competent and timely | 
foreign policy guidance, the development in the Department of State gf | 
a thoroughgoing capacity to provide this guidance, and a workable system | 
through which proper execution of plans and adequate ability to effeg , 
necessary changes in programs is assured. The central role in such, | 
system of meaningful and effective foreign policy guidance, utilized oq | | 
behalf of the President and the Secretary of State, must be that of the | 
State Department. 

The Committee recommends acceptance of the following two basic | | 
concepts: 


(1) The strengthening of the position of the State Department on | | 
the policy level of military assistance planning and an increased assur. 
ance of the conformity of the Military Assistance Program to foreign 
policy and to related assistance programs. 

(2) The focussing of responsibility on the Department of Defens | 
for planning, programming and execution of military assistance within 
the framework of policy guidance laid down in the National Securit 
Council and by the Department of State. 

Our principal recommendations giving effect to these two concepts 
are: 


> 


Military assistance should be planned and programmed ona 
long term basis, covering a period of three and ultimately five 
years. 

There should be a continuing authorization for the military as 
sistance appropriation, in order to provide a sound legislative 
framework for multi-year planning and programming. 

The military assistance appropriation should be placed in the 
Department of Defense budget, in order to center responsibility 
for administering the program more positively in the Defens | 
Department. 

Military assistance plans should be formulated within order of 
magnitude dollar guidelines to ensure feasibility and should be 
approved by the Secretaries of State and Defense befor 
implementation. 


— 
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zram The Department of State and the Ambassadors should partici- 
pate at an earlier stage in the development of military assistance = 
ation | plans. 
De. | Military assistance planning and programming should be furthe1 
part. decentralized to the United States Unified Commands overseas 
ns, a and to the Military Assistance Advisory Groups. 
mely Provision should be made for more adequate consultation with 
te of | recipient countries during military assistance planning. 
stem | The Department of Defense should have clearer operational 
ect responsibility for planning, programming and execution of military ” 
ch a | assistance. 
d on The Executive Branch should assure that funds for the procure- > 
f the | ment of military assistance materiel are made available to the . 
military departments more promptly after appropriation; the 
basic | military departments, in turn, should accelerate procurement and 
| supply actions to expedite actual deliveries overseas of military 
es end items. 
There should be established within the Defense Department a 
Director of Military Assistance. 
— There should be established within the Defense Department an 
din | independent evaluation staff. 
F thin | Highly qualified and experienced personnel should be assigned 
alt to the program. 
Most of the changes we recommend can be carried out by actions within 
cepts | the Executive Branch. However, two of our recommendations are de- 
pendent directly or indirectly upon legislative action. They are: 
on a (1) That you include the request for the military assistance appro- : 


y five priation for Fiscal Year 1961 in the Defense Department budget and 
submit it to the Congress in a separate title of the regular Defense 
ry as Department Appropriation bill, with the appropriation to be made 
lative directly to the Department of Defense; and 

(2) That at the current session of Congress you request a revision 
in. the of the Mutual Security Act of 1954 to place the authorization for 
ibility military assistance on a continuing basis. 

efene | Our recommendations are set out in greater detail in the report we are 
submitting to you. The remainder of our report consists of a discussion of 
der of | the background of our recommendations and specific procedures for putting 
iid be | them into effect. 

before In our judgment, acceptance of our unanimous recommendations should 
lead to substantial improvement in the administration of the Military Assist- 
| ance Program. The extreme complexities of the program are such, how- 
ever, that maximum results can be obtained only with the continuous 


2 


288 BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 


command attention of all top level personnel in the Executive Brang 
responsible for the various parts of the program. 
Respectfully submitted, 

DILLon ANDERSON 
JoszpH M. Dopcez 
ALFRED M. GRUENTHER 
Marx LEvA 
Joun J. McCrory 
GrorcE McGHEE 
T. McNarney 
ARTHUR W. RapForp 
James E. WEBB 


H. Draper, Jr. 
Chairman 
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Introduction 


At their inception, United States military aid programs were of ay 
emergency nature—a series of temporary measures to achieve specific 
objectives. But the time has long since passed when military assistance 
can be thought of as a temporary measure. So long as the threat of 
communist aggression and subversion remains, there will be need for 
selective military assistance to preserve and strengthen the capacity of 
other free world nations to resist communist pressures and participate in 
the common defense. 

The organization and administration of military assistance must be 
adjusted to this long-term concept. 

The administration of the Military Assistance Program has greatly im. 
proved through the years. Nonetheless, there remain serious deficiencies 
in planning and execution. These require correction if military assistance 
is to make its maximum contribution to United States foreign policy 
objectives and if maximum returns are to be realized from the resources 
invested in the program. There must be clarification and simplification 
of the conduct of the program. 

The Committee is convinced that the key to the success of the program 
lies in an effective working relationship between the Departments of State 
and Defense. 

The Committee regards two basic concepts as essential : 


1. The strengthening of the position of the State Department on 
the policy level of military assistance planning and an increased assur. 
ance of the conformity of the Military Assistance Program to foreign 
policy and to related assistance programs. 

2. The focusing of responsibility on the Department of Defense 
for the planning, programming and execution of military assistance 
within the framework of policy guidance laid down in the National 
Security Council and by the Department of State. 


The spirit of these basic concepts has often been missing. The Depart. | 


ments of State and Defense have tended to exercise their respective respon- 
sibilities at the working level in a contentious rather than a fully cooperative 
manner and without adequate exchange of information. 

There is a belief in the State Department that the Department has not 
been given adequate opportunity to furnish political and economic guidance 
and that the military objectives of the program, as defined by the Depart- 
ment of Defense, have not always been clearly explained. There has also 
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been uncertainty in the State Department as to the weight given political 
and economic factors in the development of military objectives by the 
Defense Department. 

On the other hand, the State Department, when called upon to furnish 
political and economic guidance for the program, has not always done so 
in a timely and effective fashion. Also, there is a belief in the Defense 

ent that the State Department has invaded the operational area 
and has not limited itself to foreign policy; that instead it has often exercised 
supervision by review and judgments on specific military details—in other 
words, by getting too much into the “nuts and bolts” aspects of the program. 

The Secretary of State has always been expected, as the senior member 
of the Cabinet, to serve as the President’s principal advisor and deputy on 
foreign policy and to be primarily responsible for our relations with other 
countries. His task has never been limited to the fields of diplomacy and 
negotiation. The central role in a system of meaningful and effective 
foreign policy guidance of military assistance, utilized on behalf of the 
President and the Secretary of State, must be that of the State Department. 

The changes in the administration of the Military Assistance Program 
which we are recommending necessitate a clear understanding of the respon- 
sibility of the Secretary and Department of State for the foreign policy 
guidance of operating activities. This need exists as to all operating 
programs—military, economic, and informational—that have emerged as 
integral elements in our arsenal for the Cold War. If these powerful 
instruments are effectively to assist in achieving our foreign policy objec- 
tives, they must be guided by common policies, coordinated in their con- 
tinuing operations and any portions phased out.or terminated when no 
longer required. 

With two government Departments so immediately involved in military 
assistance it is imperative that there be no room for misunderstanding as 
to their proper roles and relationships. This will require restraint by the 
Department of State against becoming involved in the details of operations, 
a willing acceptance by the Department of Defense of competent and 
timely foreign policy guidance, the development in the Department of 
State of a thoroughgoing capacity to provide this guidance, and a workable 

system through which proper execution of plans and adequate ability to 
effect necessary changes in programs are assured. 

In order to assure that there is a proper understanding of the respective 
roles and relationships of the Departments, it is essential that there be a 
corollary understanding of the distinction between military assistance plans 
and military assistance programs. 

We define the plan as a long range, time phased schedule of actions by 
areas and countries intended to assure that the furnishing of military 
assistance directly supports United States military and foreign policy 
objectives covering a period of three, and ultimately five, years. 
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We define the program as a detailed list of specific military assistance 
requirements and of the funds needed to finance them, area by area and 
country by country, for each of three consecutive years. 


of funding and carrying the plan out in stages. 

The Secretary of State should coordinate military assistance with other 
aid programs, and through timely and effective foreign policy guidance, 
should assure that military assistance is properly directed toward the accom. 
plishment of United States foreign policy objectives. In particular, there 
must be early participation by the Secretary of State in the development of 
military assistance plans, which in their final form must have his approval, 
The Secretary of State should receive from the Defense Department ade. 
quate information to permit proper performance of these functions. The 
Secretary of State should be free at any time to propose military assistance 
primarily for foreign policy purposes. 

The Secretary of Defense should have responsibility for planning, budget. 
ing, programming and implementing military assistance and should be free 
to carry out day-to-day operations within the framework of foreign policy 
guidance furnished to him by the Secretary of State. At the stages of 
programming and implementing military assistance, the Secretary of State 
should review and be free to disapprove programs for inconsistency with 
approved plans, foreign policy, or other assistance programs. However, to 
the extent that military assistance programs are not expressly disapproved, 


approval. 

Any disagreements with respect to military assistance between the Depart- 
ments of State and Defense should be resolved promptly by the Secretaries 
disagreements should be settled by the President. 

cepts, with specific recommendations to carry them out and to improve 
these recommendations will increase the responsiveness of the Military 


Assistance Program to United States foreign policy and will greatly 
strengthen administration. 


II. Discussion of Recommendations 


A. Planning for Military Assistance 


tary assistance plan we envisage would provide a long range, time phased 
schedule of actions by areas and countries intended to assure that the 
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The plan is the broad concept. The program provides the specific means 


they should go forward without any requirement for State Department 


of the Departments. In the few cases where this cannot be done, | 
The following sections contain a detailed discussion of the foregoing con- | 


administration of the program. We believe that affirmative action on | 


Military assistance should be put on a three year planning basis, and as | 
soon as feasible should be placed on a five year planning basis. The mili- | 
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furnishing of military assistance directly supports United States military 

and foreign policy objectives, including assurance that, unless there are 

affirmative decisions by the Departments of State and Defense that con- 

tinued assistance to particular countries will support United States military 

and foreign policy objectives, such particular country programs can be 
out or terminated. 

This plan would be based upon applicable National Security Council 
policy, State Department amplification of such policy, and other accepted 
national policy; it would set forth the missions of foreign forces considered 
for support in order of priority; a listing of foreign military units to be 
supported by United States military assistance and a time schedule for 
activating them; a time schedule for furnishing major categories of weapons 
and equipment as military assistance; a time schedule for the performance 
of related activities such as local production of military items, military 
construction and progressive achievement of standards for individual and 
unit training; and any other pertinent guidance such as support of economic 
or other development objectives. 

As guidance to the Department of Defense, the State Department should 
prepare overall, regional, and country political and economic statements 
in as specific terms as possible, based on and amplifying where necessary, 
National Security Council policy. The State and Defense Departments, 
after consultation with the Bureau of the Budget, should jointly develop 
realistic overall order of magnitude dollar guidelines for military assistance, 
by area (or in appropriate cases by country), for each of the three years 
of the plan. The Joint Chiefs of Staff, working within the framework of 
this guidance, should prepare a draft of the military aspects of a feasible 
worldwide military assistance plan, taking into consideration the comments 
of each United States Unified Commander overseas concerning his area of 
responsibility. In turn, each Unified Commander should consult the Mili- 
tary Assistance Advisory Groups (MAAG’s) in the countries within his area. 
It is desirable at the earliest phase of planning to insure that our military 
assistance properly reinforces local military efforts. 

In the preparation of the draft plan, the staff of the Joint Chiefs should 
consult with and give consideration to the views of other interested offices 
of the Defense Department and of the State Department. 

The State Department would secure the views of the United States Am- 
bassador on specific country issues, in advising on the plan. The Office 
of the Assistant Secretary of Defense (ISA) would then be responsible, after 
consultation with representatives of the Joint Chiefs of Staff, other interested 
Defense offices, and the State Department, for blending into the draft plan 
prepared by the Joint Chiefs of Staff appropriate political, economic, and 
legal considerations and amending military aspects as required. The final 
three year military assistance plan, containing area and country by country 
guidance, would be reviewed and agreed to by the Department of State. 
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The plan thus developed should provide a comprehensive statement of 
what the United States is trying to accomplish through military aid. Such 
a plan should remove the basis for recurrent criticism of the validity or realis. 
tic nature of the list of foreign military forces (force goals) developed by the 
Joint Chiefs of Staff for military assistance support—by assuring that such 
force goals are within available United States resources, are acceptable to 
the countries concerned and realistic in terms of country capabilities. Such 
a plan should also clarify the foreign policy or other basis for any force goals 
established at least partly for nonmilitary reasons. 

The Office of the Assistant Secretary of Defense (ISA) would then send 
the basic planning document to the military departments, the United States 
Unified Commands overseas, and the MAAG’s. Copies would be made 
available to the United States Ambassador in each country. The MAAG’s 
Unified Commands and Ambassadors could at any time recommend changes 
in the basic planning document. 

The Unified Commands would prepare and distribute any supplementary 
planning instructions required to the MAAG’s in each country in their area, 
Each MAAG, consulting with the Ambassador on foreign policy guidance, 
would develop a detailed three year military assistance plan for its country, 
In preparing the detailed country plan the MAAG would necessarily consult 
the local military authorities to the extent appropriate. 

Present Executive Branch regulations provide that United States off. 
cials may not enter into commitments with foreign governments except 
with specific United States approval. These regulations have often been 
interpreted so as to prevent or seriously inhibit joint discussions by MAAG’s 
and country authorities intended to secure optimum teamwork in utiliza 
tion of local military resources and United States military assistance. It 


— 


~ 


is vital to a more effective mutual effort that country military plans and | 


budget cycles be properly meshed with our military assistance and vice 
versa. Present regulations should be clarified so as to permit consultation 
with our allies where appropriate in planning military assistance, but 
without any express or implied commitment by the United States. 

The Country Team would review the detailed military assistance plan 
for consistency with foreign policy objectives for the country concerned 
and with other United States country plans and programs. The Committee 
believes that the Ambassador should participate actively in the planning of 
military assistance and should exercise strong leadership in development of 
the plan, in order to relate the plan to foreign policy objectives and to 
assure that it and other United States policies and plans are mutually 
supporting. 

The detailed country plan is considered primarily a working document 
for the use of the MAAG and the Country Team, but copies would be 
forwarded to the appropriate Unified Command for review to assure cof 
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formity to area and feasibility considerations. As necessary, the Unified 
Command would direct appropriate revision. 
The country plan would form the basis for the development of the three 
country military assistance programs described in the next section. 
The great bulk of the data developed in the course of planning should be 
directly usable in the development of programs. In fact, in the first year 
of the new system the country planning and programming processes would 
take place concurrently and would in effect coalesce. 

The procedures outlined in this Section call for the delegation to the 
Unified Commands and Country Teams of increased responsibility for mili- 
tary assistance planning. The current overcentralization of planning in 
Washington increases the probability of mistakes and distortions, does not 
give maximum assurance of meshing with regional United States plans, and 
does not focus sufficient responsibility in the development of plans on 
Country Teams and Unified Commands. 

We Recommend: That the Executive Branch take the required action 
to put into effect procedures for long range planning of military assistance, 
the key aspects of which are (1) time phased planning for three and 
ultimately five years in terms of foreign policy and national security 
objectives; (2) a requirement that continuation of military assistance to 
each particular country depends upon continued affirmative findings by 
the State and Defense Departments that such country programs will support 
United States military and foreign policy objectives; (3) State Department 
participation at an early stage in such planning to give foreign policy 
guidance; (4) a greater degree of decentralization of planning responsi- 
bility to the Unified Commands and the Military Assistance Advisory 
Groups; (5) increased participation in planning by the Country Team 
under the direction of the Ambassador; (6) clarification of Executive 
Branch regulations to permit greater consultation with our allies where 
appropriate in planning military assistance, so as to produce a more effective 
total effort including better utilization of the resources of recipient countries; 
and (7) a requirement that all military assistance plans, including order of 
magnitude dollar guidelines by area (or in appropriate cases by country) 
be approved by the State and Defense Departments before their implemen- 
tation. 
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B. Development of the Military Assistance Program and Presentation 
to Congress 


In the preceding Section, we have described the requirement for a long 
range military assistance plan, which we define as a statement, based on 
applicable United States foreign policy, of the foreign military forces to 
be supported by United States military assistance, area by area and country 
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by country, their missions and tasks, the time schedule for activating then | 
and for furnishing major categories of weapons, equipment and trainin) — 
to them, and other related information, covering a period of three » 
more years. 

This Section discusses the development of programs to implement th 
plan, which we define as detailed lists of specific military assistance requir. 
ments and of the funds needed to finance them, area by area and country 
by country, for each of three consecutive years. 

The plan is the broad concept. The program provides the specific 
means of funding and carrying the plan out in stages. 

To guide the field in developing programs, the Office of the Assistan, 
Secretary of Defense (ISA) would prepare and forward to the Unified 
Commands and MAAG’s programming standards and other instruction 
supplementing the basic three year planning document. These pp 
gramming instructions would include order of magnitude dollar guideline 
for military assistance country by country for the first year’s program, and } 
by Unified Command areas (or where appropriate by country) for each 
of the second and third year’s programs for redistribution by the Unified 
Commands to the countries in their particular areas. 

They would specify, however, that if there are requirements necessary to 
reach goals in the approved plans which could not be covered at the program 
levels necessitated by the dollar guidelines, they should also be reported | 

I 


The Unified Commands should also be instructed to report any instance 
where programming requirements can be met for amounts less than the 
amounts set out in the dollar guidelines. In addition, the Unified Com. 
mands would be expected to comment on the general adequacy of programs 


I 
to meet area programming requirements and to report any addition |; 
requirements in order of priority. + 


The dollar guidelines (i.¢., target figures) contained in the programming | 
instructions would be developed and revised as appropriate each year for 
the next three years by the Office of the Assistant Secretary of Defense (ISA) 
in consultation with the Joint Chiefs of Staff and the Department of State, | , 
and after discussion with the Bureau of the Budget. The dollar guidelins __ 
should be derived from a review of the requirements necessary to complete E 
the plan in the light of budgetary considerations, projected availability 
of equipment, production schedules, the need for funding procurement lead 
time, and the like. Any significant deviations from the agreed plan in any 
country program should be approved by the State Department. 

The programming instructions for the three year period should furnish 
the field programmers with necessary information and standards for pro | 
gram preparation, refinement and adjustment on a realistic basis. The proc 
ess of developing such instructions, including the dollar guidelines, should | 
provide a feasibility test of both the plan and the program. 
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The Unified Commands would provide additional programming instruc- 
tions for each country as appropriate, including a priority list of desired 
accomplishments. 

Based on the country plan and the programming instructions received 
from the Defense Department and the Unified Command, the Military 
Assistance Advisory Group (MAAG) in each country would develop and 
submit to the Unified Command detailed program data as to military 
assistance requirements in priority, in the light of local military resources, 
time phased over three years. 

During this process the Ambassador, as the head of the Country Team, 
would furnish appropriate foreign policy guidance and would assure that 
the proposed military assistance requirements were consistent with other 
United States programs for the country and with the effort of the country. 

Based on the country data, the Unified Command would develop country 
military assistance programs for its area: a “firm” program for the first year, 
which after review and revision in Washington would form the basis of the 
Executive Branch request to Congress for military assistance funds for 
the coming fiscal year; a “provisional” program for the next year; and a 
“planning” program for the third year. 

Because of the time lapse between the appropriation of funds and the 
delivery of military equipment, these three year programs developed for 
funding purposes must be based on plans specifying requirements for 
deliveries projected for at least five years—hence the desirability of placing 
planning for military assistance on a five-year basis as soon as practicable. 

The Unified Command would be responsible for recommending adjust- 
ments, within the dollar guidelines for the area, in the various elements, 
including the monetary level, of each country program for the second and 
third years of the three-year programming period. The Unified Com- 
mands would then forward the military assistance programs to the Depart- 
ment of Defense. 

The transfer from Washington to the Unified Commands of primary 
responsibility for developing recommended military asisstance programs is 
a necessary corollary of the decentralization of planning responsibilities to 
the Unified Commands described above. This is intended to place greater 
responsibility for developing the recommended programs on the actual 
operators of the program in the field, who are in the best position to know 
the priority requirements of the various foreign military forces. This 
change of concept should do much to eliminate present criticism that some 
weapons furnished as United States military assistance have not been 
suited to the needs and capabilities of recipient countries. 

The Office of the Assistant Secretary of Defense (ISA) would be 
responsible, in consultation with the military departments and other in- 
terested offices of the Defense Department, for reviewing and placing the 
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military assistance programs for the coming fiscal year in final form fg | 


submission to Congress. 

At present, military assistance programs are developed on a straight rp. 
quirements basis, which means that the total dollar value of pro 
requirements submitted to Washington by the field far exceeds the level of 
any request that might reasonably be made to Congress. This situation js 
not solely the result of field agencies stating high requirements of their own 
choosing; they are directed to translate the Defense Department’s ppp. 
gramming guidance into requirements. This guidance promulgates fore 
objectives and military tasks which are clearly infeasible of simultaneoy 
attainment worldwide. Hence, under the present system the programs have 
been cut back drastically in Washington to the level of the budget request 
submitted to Congress, and during the presentation to the Congress the field 
has been asked to adjust or “refine” the programs to the Congressional 
request. 

The proposed long range planning and programming procedures should 
assure that the levels of programs developed by the field are much mor 
realistic and hence should greatly reduce the amount of work necessary to 
revise and refine them, both in Washington and in the field. 

At the stage of preparing the military assistance programs in Washington 


for presentation to Congress, the Department of State would have the op. | 


portunity of reviewing the programs on political and economic grounds. It ; 


would then be free to propose additional military assistance primarily for 
foreign policy purposes or to propose other changes in plans or programs to 


meet new international commitments or requirements or any other changes _ 


in the international situation. It would also be free, if necessary, to exercise 


its right of disapproval of programs for inconsistency with approved plans 


or other assistance programs. 

In the light of previous full participation by the State Department in the 
development of the basic military assistance plan and of participation by the 
Ambassadors at the early programming phase, this review should involve 
few changes. Any disagreements between the Departments of State and 
Defense should be resolved promptly by the Department heads. _ In the few 
cases where this cannot be done, disagreements should be settled by the 
President. 

The Bureau of the Budget would perform its usual function of review and 
coordination of the dollar level of the military assistance request with the 
requests of the other agencies and departments of the government. 


The Executive Branch would submit to Congress a request for an ap 


propriation for military assistance for the ensuing fiscal year only—this 
would be the “firm” program for the first of the three years. However, the 
presentation material might also include appropriate information as to the | 
military assistance plan for the two succeeding years. 
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As at present, the military assistance request would be justified to Con- 

primarily by representatives of the Defense Department. Representa- 

tives of the Unified Commands would play a major role in justifying the 

for their areas. Officials of the State Department and Interna- 

tional Cooperation Administration should participate, particularly where 

the justification of military assistance items involve political or economic 

considerations or where the level of the military assistance request, as com- 

d with the level of the economic programs, requires explanation. The 

presentation to Congress must be made on a well coordinated basis agreed 
to by the State and Defense Departments. 

We Recommend: That the Executive Branch take the required action to 
put into effect procedures for programming military assistance, the key 
aspects of which are (1) three year, time phased programs; (2) greater 
decentralization of programming responsibility to the Unified Commands; 
(3) establishment and annual revision on a continuing basis of dollar guide- 
lines for the three year programming period; (4) increased participation 
in the programming process by the Country Team under the direction of 
the Ambassador; and (5) justification of the program to the Congress by 
representatives of the Department of Defense assisted by representatives of 
the State Department and International Cooperation Administration on a 
coordinated basis agreed to by the State and Defense Departments. 


C. Leadership Role of the Ambassador in Planning and Programming 
Military Assistance 


By law and Presidential instruction, the Ambassador is now responsible 
for coordinating and supervising all United States policies and programs 
inhis country. He is, in fact, the personal representative of the President. 
There is, however, a lack of uniformity in the degree of leadership exercised 
by the Ambassadors. 

Any Ambassador charged with responsibilities in connection with im- 
portant military assistance programs, particularly when their implementa- 
tion must be meshed with several different country economic programs, 
needs special competence and experience. Necessarily, the qualifications 
of the Ambassador have a most important bearing upon the functioning of 
the Military Assistance Program, as well as other assistance programs in 
the colintry involved. 

We believe that each Ambassador or other Chief of Mission, whether 
career or non-career, in countries where there are important United States 
assistance programs should have the requisite competence and experience 
to provide strong leadership in the planning and programming of military 
assistance and to assure that all programs, including military assistance, are 
consistent with each other and carry out foreign policy objectives for the 
country concerned. In addition, each such Ambassador or Chief of Mission 
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should be given indoctrination and training in the special requirements of 
the post to which he is appointed. 

To permit the Ambassador to play his key role, the Military Assistance 
Advisory Group (MAAG) should function as his immediate staff for mj. 
tary assistance purposes. MAAG chiefs should realize that they are as much 
a part of the Ambassador’s staff as are his political and economic officen 
and should perform their duties relating to the planning and p: 

of military assistance on this basis. In countries with important aid pro. 
grams the Ambassador should be provided with a senior staff assistan, 
qualified to assist him in planning and coordinating the several United States 
aid programs. 

The function of the Ambassador should include consultation with the 
appropriate Unified Commander and also discussions with representatives 
of the particular country, to the end that our military assistance program 
not only meet our own mutual security needs, but also fit in with the 
country’s own military plans. 

We Recommend: (1) That United States Ambassadors as personal repre. 
sentatives of the President provide a strengthened leadership in the planning 
and programming of military assistance to assure that all United States 
programs for the country to which the Ambassador is accredited are con- 
sistent and effectively carry out United States foreign policy objective 
for the country concerned; (2) that United States Ambassadors assigned 
to countries in which there are important United States military assistance 
and other aid programs should have appropriate experience and com- 
petence in this field when appointed and should be given indoctrination 
and training in the special requirements of the post to which appointed; 
(3) that United States Ambassadors assigned to countries in which there 


a senior staff assistant qualified to assist him in planning and coordinating 
the several United States aid programs. 


D. Inclusion of Military Assistance Appropriation in the Department 
of Defense Budget 


We believe that responsibility for administering military assistance can 
and should be more positively centered in the Defense Department. Present 
arrangements are complicated by the fact that the request for the military 
assistance appropriation is handled in the Mutual Security Appropriation 
bill outside of the Department of Defense budget. This tends to obscure 
the primary responsibility of the Department of Defense for administering 


the program. 
Inclusion of the Military Assistance Program in the Defense Department 


priorities between this program and the other United States military pr- 
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are important United States assistance programs should be provided with | 


budget should permit more precise evaluation of the relationships and | 
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and should lead to more effective planning for all United States 
military programs resulting in increased economy. 

Further, inclusion of the military assistance request in the regular De- 
fense Department bill would mean that the military assistance appropria- 
tion would be acted upon by the Congress at the same time as other Defense 
Department appropriations. Heretofore, the usual time differential in 


appropriation dates has made it difficult to integrate efficiently procurement 
for the Military Assistance Program with procurement for our own armed 
forces. 

The inclusion of the Military Assistance Program in the Defense Depart- 
ment budget would also have the advantage of making clear the fact that 
military assistance is just as much a part of our national military effort 
as are expenditures for our own armed forces, 

We note that a transfer of the military assistance appropriation to the 
Defense Department budget has been previously recommended by a num- 
her of studies. These include the Report on Foreign Policy and Mutual 
Security prepared for the House Foreign Affairs Committee, in December 
1956, by its then Chairman and the Committee staff; the Report to the 
President, in March 1957, by the President’s Citizen Advisers on the Mutual 
Security Program; and the Report of the Committee on World Economic 
Practices, dated January 22, 1959. 

The President’s Citizen Advisers also recommended the transfer to the 
Defense Department budget of the portion of “Defense Support” which 
directly supports local military requirements. We believe, however, that 
Defense Support should not be shifted to the Defense Department budget. 
This program, while essential to enable recipient countries to maintain 
forces required in carrying out mutual defense arrangements, is basically an 
economic assistance program and should continue as such. 

We have considered the necessity for continuing coordination of the 
Military Assistance Program with other assistance programs and believe 
that the proposed inclusion of military assistance in the Defense Department 
budget should not cause any added complications. The State Department 
will continue to have authority to review and disapprove military assistance 
programs or portions of them for inconsistency with approved plans, foreign 
policy or other assistance programs. 

The President’s authority to make transfers between economic assistance 
funds and military assistance funds or otherwise to utilize them flexibly 
would continue unchanged. 

We recognize that the transfer of military assistance to the Defense 
Department budget may place it in more direct competition with the 
requests of the military departments themselves. The Office of the Assistant 
Secretary of Defense (ISA) must accept full responsibility for the program. 
This sponsorship, combined with the continued interest of the Department 
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of State, should assure fair consideration of military assistance requests 


appropriation into the service budgets; we propose the inclusion of the 
military assistance request as a separate and additional title in the Defeng 
budget. 

We Recommend; That the request for the military assistance appropria, 
tion for Fiscal Year 1961 be included in the Defense Department budge, 
and submitted to the Congress in a separate title of the regular Defeng 
Department Appropriation bill, with the appropriation to be made directly 
to the Department of Defense. 


E. Continuing Authorization for Military Assistance 


The Committee’s preliminary report recommended that steps be taken 
to put the Military Assistance Program on a continuing basis. In addition 
to long term planning and programming, one such step is to provide a con. 
tinuing Congressional authorization for the appropriation of funds for | 
military assistance. This would provide a sound legislative framework 
for the multi-year planning and programming cycle which we propose, 
A continuing authorization should also: 

1. Facilitate planning on a long range basis with the recipient countries 
for the most efficient joint utilization of their military budget resources and 
our military assistance, thereby effecting economies for our allies and our. | 
selves and developing an increased sense of responsibility on the part oj 
recipient countries. 

2. Strengthen the position of United States representatives in nego 
tiations with foreign governments. 

3. Have a favorable worldwide political impact by showing a fim 
United States determination to match its appraisal of the future world 
situation with necessary action in the field of military assistance. 
A continuing authorization is also a most desirable, if not essential, founda 
tion for the transfer of the military assistance request to the Defense 
Department budget, a step which we believe will produce increased effec- 
tiveness and economy in the Military Assistance Program. 

Without a continuing authorization it would be necessary each year, | 
as it is now, to obtain an annual Congressional authorization for military 
assistance. If this is required, action by the appropriations Committees 
on the military assistance appropriation would generally lag considerably 
behind that of the regular Defense Department appropriations, since most 
Defense Department appropriations are already authorized on a continu 
ing basis and hence can be acted upon by the Appropriations Committess 
and become law earlier than the military assistance appropriation. Iti 
obviously neither practical nor wise to delay Congressional action on the 
regular Defense Department appropriations until an authorization for 
military assistance is enacted. 
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While we propose a continuing authorization for military assistance 
appropriations, we recognize the desirability of annual Congressional reviews 
of the status and direction of the program. Should Congress enact a con- 
tinuing authorization for military assistance, it would still be desirable 
for the responsible departments to keep the interested Committees, includ- 
ing the authorizing Committees, continuously informed about the program, 
and for representatives of the Executive Branch to appear periodically 
before these Committees to explain the long range military assistance plan 
and program and their relationship to the other assistance plans and 


In this way, the interested Committees would continue to be apprised 
of the direction and character of the program and could in any year take 
whatever action they deemed appropriate. 

We Recommend: That at the current session of Congress the Executive 
Branch request a revision of the Mutual Security Act of 1954, as amended, 
to place the authorization for military assistance on a continuing basis. 


F. Implementation of the Military Assistance Program After Appro- 
priation 

We believe that efficient implementation of the Military Assistance Pro- 
gram requires that the Secretary of Defense be given all necessary authority 
and responsibility to execute it expeditiously. After Congress acts, the De- 
partment of Defense should adjust the programs to the level of the Con- 
gressional appropriation and make a final foreign and economic policy 
check with the Department of State. 

Since the Department of State would have previously reviewed the pro- 
gram as presented to the Congress, it appears that at this and subsequent 
stages of implementation the State Department would have need to disap- 
prove only such country programs or portions thereof as have become in- 
consistent with approved plans, United States foreign policy, or other 
assistance programs since the time of previous State Department review. 
Military assistance programs not disapproved within a reasonable period, 
for which a specific time table should be established by the Executive Branch, 
would automatically be implemented without the requirement of specific 
State Department approval as at present. 

The State Department should also be free at all stages to propose addi- 
tional military assistance primarily for foreign policy purposes or to propose 
other changes in plans or programs to meet new international commitments 
or situations. 

Disagreements between the Departments of State and Defense, involving 
State Department proposals to furnish military assistance primarily for 
foreign policy purposes or program disapprovals by State Department for 
inconsistency with approved plans, foreign policy or other assistance pro- 
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grams, should be resolved promptly by the Departinent heads. In the fey 
cases where this cannot be done, memcpy ig should be settled by the 
President. 

Since the furnishing of military assistance is at best an extentialy compli. 
cated process, programs cannot be effectively executed on a “start-and-stop” 
basis. Once programs are firmed up and the necessary continuous reviey 
does not indicate the desirability for substantial change or phasing out, 
stability in execution should be sought. Each major reprogramming action 
or deviation from an approved program is the equivalent of cancelling the 
program and ordering a brand new program, which starts the lengthy proces 
of review, coordination and implementation all over again. 

Hence, flexibility in program administration, including new 
assistance projects for foreign policy purposes, should not be dependent on 
the costly process of reprogramming approved and funded military assist. 
ance programs. An increase in the portion of Mutual Security fund 
allocated to the President’s Contingency Fund is desirable in order that 
such new projects may be funded that way, instead of by shifts of funds from 
funded programs. 

The present language of the Mutual Security Act of 1954, as amended, 
authorizes the Secretary of State, under the direction of the President, to 


Presumably, this provision of the law was intended to make clear the 
authority of the Secretary of State to adjust the level of military assistance 
programs as among countries, on the basis of political and economic con. 
siderations. We concur in the view that the Secretary of State must have 


should continue to have, statutory authority to “coordinate” all forms of 
assistance and thus to disapprove any military assistance program for in- 
consistency with approved plans, foreign policy objectives or other assis 
‘ ance programs, the language providing that he shall “determine the value” 


sary and subject to misinterpretation. In particular, it appears to be at 
variance with other provisions of law which define the Secretary of Defense's 
“primary responsibility” for the Military Assistance Program to include “the 
determination of military end item requirements.” 

One possible solution would be to seek legislation from Congress clarify. 
ing the present statutory language. However, this step would be time con- 
suming, and in our view it is unnecessary. We believe that the course that 


order or letter the respective roles and relationships of the Secretaries of State 
and Defense in the planning, programming and execution of the Military 
Assistance Program in accordance with the recommendations of this report, 


Branch agencies with instructions for compliance. 
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Given a determination by the State and Defense Departments to work 

er harmoniously and cooperatively in their roles as thus defined, it is 

believed that substantial improvement in the administration of the 
should result. 

Our views on the proper roles and relationships of the Secretaries of 
State and Defense are summarized in the Introduction to this report. 

We Recommend: That the Executive Branch take the required action 
to put into effect improved procedures for implementing the Military As- 
sistance Program after appropriation, the key aspects of which are: (1) 
that the Secretary of Defense should be given clearer responsibility for 
executing the program; (2) that after appropriation and at subsequent 
stages of implementation the State Department should be free to propose 
additional military assistance primarily for foreign policy purposes and 
to disapprove country programs for inconsistency with approved plans, 
foreign policy and other assistance programs; (3) that any disagreements 
between the Departments of Defense and State should be resolved promptly 
by the Department heads, and in the few cases where this cannot be done 
they should be settled by the President; (4) that once programs are funded 
flexibility ordinarily should be secured by use of the President’s Mutual 
Security Contingency Fund appropriation; and (5) that the President 
should define in an appropriate executive order or letter to the interested 
agencies the respective roles and relationships of the Secretaries of State 
and Defense in the planning, programming and execution of the Military 
Assistance Program in accordance with the recommendations of this report. 


G. Management of the Military Assistance Program 
1. Department of Defense 


The Secretary of Defense has delegated his responsibility for carrying 
out the Military Assistance Program to the Assistant Secretary of Defense 
for International Security Affairs (ASD/ISA). This official is also respon- 
sible for a wide range of other Defense Department activities which involve 
international security affairs. As a consequence, he is able to devote only 
limited personal attention to a program which, in view of its magnitude 
and significance, needs the full time efforts of a qualified senior official. 

Accordingly, we believe that there should be in the Office of the As- 
sistant Secretary of Defense (ISA) a “Director” of Military Assistance 
who would have full responsibility for the operation of the program and 
would be directly responsible to the Assistant Secretary of Defense (ISA). 

The Director, initially at least, might well be a suitably qualified active 
or retired officer of the armed forces of appropriate high rank. This ar- 
rangement should improve the orientation of the program, which at present 
is administered in a manner that over-emphasizes logistical and funding 
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aspects and does not adequately emphasize planning and policy consid. | 
erations. Subsequently, the position of the Director might be filled by, , 
suitably qualified civilian. The Director should be assisted by Assistay; 
Directors for geographic areas, including one for each Unified Commang 
area. 

Finally, to facilitate supervision of the Military Assistance Program anq 
to insure that performance is correlated with national policy objectives, | 
there is a need for continuing evaluation of the program by a staff which 
is independent of the Director’s office. This staff would evaluate the | 
program both in Washington and the field, traveling overseas as necessary 
It should concern itself primarily with evaluation of operations from the 
policy and planning viewpoint, and should not engage in fiscal, audit, or | 
comptroller type activities; these latter functions should remain the respon. , 
sibility of existing staffs and agencies. 


2. Delegation of Greater Authority to Unified Commands | 


In the discussion earlier in this report regarding the new planning and | 
programming procedures we recommend, we have outlined the expanded | 
role which we believe the Unified Commands should play. We believe © 
that there are major administrative and operational advantages in dele. 
gating greater authority to Unified Commands. 
Undue concentration in Washington offices of the Department of Defense 
of responsibility for the Military Assistance Program has had some undesira- 
ble results. Among other things, multi-service relationships in the Depart. 
ment of Defense have led to a tendency to determine by compromise instead 
of actual field needs the proportion of the Military Assistance Program » 
comprising Army, Navy or Air Force items, resulting in criticisms that the 
services were “log rolling” and building foreign military forces in the | 
image of our own. We believe that our proposals to decentralize greater 
responsibility for preparing recommended plans and for programming to 
the Unified Commands and to the Military Assistance Advisory Groups | 
(MAAG’s) should mean that the military assistance programs are in | 
creasingly responsive to the priority and specialized needs of the countries | 
and areas. 
However, if the Unified Commands are to be in a position to develop 
integrated military assistance programs for their areas of responsibility, 
they must have the necessary staff competence. Undoubtedly, a number 
of the military assistance experts now working in Washington for the | 
Assistant Secretary of Defense (ISA) should be transferred to the staffs 
of the Unified Commands under the procedures we recommend. Most, 
if not all, of the added personnel requirements of the Unified Commands | 
should be obtained by decentralizing personnel now working in Washington. 
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While the basic integration of political and economic programs with 
military programs should take place at the Country Team level under the 
leadership of the Ambassador, it is nonetheless important that the Unified 
Commands, in developing recommendations for military assistance pro- 

in their areas, have competent political and economic, as well as 
military, staff advice. Hence, we recommend that an Economic Advisor 
be assigned to each Unified Command, to serve in a staff relationship 
generally comparable to the presently assigned Political Advisor. Deter- 
minations as to military assistance requirements cannot be made purely 
on military grounds and the Unified Commander should have staff assistants 
capable of calling to his attention the economic and political considerations. 

In order to increase the responsibility of the Unified Commands, there 
is also a need to change the military command structure in some countries. 
Wherever permanently established United States military training teams 
or missions are conducting military assistance or related activities, these 
service elements should be placed under the authority of the Unified Com- 
mand responsible for the area. Such realignment will permit each Unified 
Command to exercise command authority over all military assistance and 
related military activities within its area of responsibility. 

In Latin America, in particular, there is difficulty in the administration 
of the Military Assistance Program which can be attributed to the insistence 
of the military departments and certain government agencies on direct lines 
of authority to the country missions. MAAG’s and missions in this area 
should be reorganized into one group in each country responsible to the 
Commander-in-Chief, Caribbean. 

There will be an increasingly urgent need to keep the Unified Com- 
mands and other field agencies informed more promptly and more fully 
as to the status of Washington consideration and action on military assistance 
programs for their areas or countries. Program development and refine- 
ment has in the past been considerably hampered by the field’s lack of 
knowledge of the content of approved programs. 

The MAAG’s cannot be expected to prepare well considered plans for 
future programs without knowing what to expect in deliveries from previous 
programs funded by Congress. Efforts to achieve planning teamwork 
with our allies are hindered by lack of information in the field, as well as 
by the restrictions on discussions with local country officials discussed earlier. 

The need of the Unified Commands for prompt and adequate information 
will be considerably greater under our proposal to delegate greater respon- 
sibility to them. We believe that the Department of Defense, including 
the Joint Chiefs of Staff, should consult with and inform the Unified Com- 
mands promptly on all pertinent aspects of planning and execution of the 
Military Assistance Program. 
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3. Speedier Allocation of Funds to the Military Departments for the Pro. 
curement of Military Assistance Materiel 


The military departments cannot begin supply actions for the Military 
Assistance Program until the money appropriated by the Congress is made 
available to them. This currently involves the following administratiy 


steps: 


Defense (ISA) to reflect Congressional action. 

b. Review of the revised program by the State Department and mod. 
fication by the Office of the Assistant Secretary of Defense (ISA) in response 
to State Department proposals of military assistance primarily for foreign 
policy purposes or disapprovals of programs for inconsistency with ap. 
proved plans, foreign policy, or other assistance programs. 

c. Apportionment of military assistance funds by the Bureau of the 
Budget to the Office of the Assistant Secretary of Defense (ISA), via the 
Office of the Assistant Secretary of Defense (Comptroller) . 

d. Allocation of military assistance funds by the Office of the Assistant 
Secretary of Defense (ISA) to the military departments. 

e. Additional steps are required in the case of items common to mili. 
tary assistance and the needs of United States armed services, which consti. 
tute the great bulk of the military assistance programs. In such cases, the 
original financing is from Department of Defense appropriations, with the 
military departments being reimbursed from military assistance funds after 
the item has been delivered. Therefore, steps paralleling c. and d. above 
must be taken for Defense Department funds which the military depart- 


reimbursement. The Office of the Assistant Secretary of Defense (Comp- 
troller) has normally required a rejustification of the Military Assistance 
Program on request for apportionment of such funds, while the Bureau of 
the Budget requires justification of the department’s need and capacity to 


for periods averaging at least 60 days. 

Substantial delays during these numerous steps required to make funds 
available to the military departments have been major factors in frustrating 
timely execution of the program. For example, as of 1 April 1959, ninety 
days before the end of the current fiscal year, only 57% of the funds ear- 


available to departments for procurement purposes. Delays such as this 
in funding, plus the fact that the military assistance appropriation is gen- 
erally voted by Congress later than Department of Defense appropriations, 
has had the effect of preventing the military departments from synchronizing 
military assistance procurement actions with procurement for regular 
Defense Department programs. 
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These and other delays in the Military Assistance Programs increase the 
difficulties of mutual planning with our allies, create serious problems for 
them which decrease the political values of the program and tend to gen- 
erate ill will and lack of confidence. They have also been responsible for 
much of the bureaucratic frustration and friction among administrative 

nnel which have impeded execution of these programs. We are con- 
yinced that appropriate action must and can be taken by the Executive 
Branch to cut these Gordian knots. 

The actions required to revise and review the programs after appropria- 
tion (steps a. and b. above) should, as at present, be commenced and sub- 
stantially completed during the final stages of Congressional action. The 
Executive Branch should require completion of the steps of revision and 
review of the program within a reasonable period after the appropriation 
becomes law, for which a specific time table—perhaps 10 or 20 days— 
should be established by the Executive Branch, so that an early request for 
apportionment of funds may be made to the Bureau of the Budget. 

Apportionment actions must also be drastically accelerated. It is appre- 
ciated that there are formidable problems of administration and financial 
management involved in doing so. However, we believe affirmative action 
can and must be taken to eliminate delays at the apportionment stage, in- 
cluding steps to establish procedures for concurrent apportionment of mili- 
tary assistance funds and of Defense Department funds utilized to finance 
military assistance supply actions in anticipation of reimbursement, using a 
simultaneous justification and the same data. 

We hope that the various actions recommended in this report will eventu- 


_ ally make possible release of military assistance funds to the military depart- 


ments after appropriation on a basis comparable to Defense Department 
action with regard to regular Defense appropriations. In the average year 
some 90% of regular Defense Department funds are made available to the 
military departments within 30 days after appropriation. 

We believe that action can and should be taken so that two-thirds of 


_ the funds to be utilized for military assistance materiel in each fiscal year 


are made available to the military departments within 30 days after the 
military assistance appropriation becomes law; four-fifths within 60 days; 


and the balance, less any reserve deemed necessary for contingencies, within 
six months. 


, 4.Improvements in Military Assistance Actions by the Military Departments 


We believe that the military departments must give greater command 
supervision to their responsibilities in connection with the Military As- 
sistance Program. Too often the departments have considered the Military 


regular Assistance Program as primarily a logistical operation and have not given 
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it the policy making and operational attention which it deserves as an 
important military contribution to United States national security. 

Their attitude toward the program has sometimes been reflected, it iy 
charged, in transactions involving “dumping” into the Military Assistance 
Program obsolete or obsolescent service equipment and overcharging the 
program for items which should be financed by the services at no charge 


past several years, due, in substantial part, to restraints imposed by the 
Secretary of Defense. We believe the “dumping” abuse will not be aggra. 
vated by inclusion of the military assistance appropriation in the Defense 
Department budget, provided the Secretary of Defense exercises strict 
policing policies. We expect to deal with this subject further in our final 
report. 

The Military Assistance Program is overshadowed in dollar magnitude 
by regular service programs, and personnel of the departments necessarily 
tend to focus primarily on the larger operations and the needs of their own 
departments. However, the significance of military assistance to the na- 
tional security cannot be measured by the dollar amounts of total annual 
appropriations; the importance of the program demands high level atten. 
tion within each department. There is also an important need for the 
Department of Defense to assure that this program has adequate priority 
in the assignment to it of highly qualified and experienced personnel. 
Compounding difficulties caused by delays in the allocation of funds by 
the Department of Defense to the military departments are delays within 
the departments themselves. For example, we are informed that in the 
Deparment of the Army it takes an average of 120 days after receipt of an 
order for initiation of a military assistance program for the interested Amy 
technical service to commence the required supply action. Comparable 
performance by the Departments of the Navy and Air Force is little or no 
better. 

The complexity of the program is acknowledged. However, it is also 
clear that departmental execution of procurement and supply actions must 
be greatly improved. 

Procedures must also be streamlined in the actual delivery of equipment 
to military assistance recipients. Programs for all of the services should be 
operated more on the “pull system”, in which the field orders the items it 
needs. Responsibility should be placed on the field for assuring that equip- 
ment is delivered as required and as it can be absorbed. Criticism has been 
noted that in some instances recipients of military assistance have been un- 
able to adequately utilize or support large quantities of equipment shipped 
to them under the so called “push system”, under which shipments are made 
without orders. Conversion to the “pull” system, plus placing stricter ac- 
countability on the Military Assistance Advisory Groups for ordering only 
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such equipment as can be effectively utilized by the country, should correct 
this situation. 

In the last analysis, improvements in the administration of the program 
will depend largely upon the interest and effective action of top level per- 
sonnel in the Department of Defense who have responsibility for the 
program. 

Department of Defense 

We Recommend: That there be established within the Department of 
Defense: (1) A Director of Military Assistance, who at least initially might 
well be a suitably qualified officer of the armed forces, active or retired, of 


appropriate high rank; (2) Assistant Directors of Military Assistance for 
the several geographic areas; and (3) a small independent evaluation staff. 


Delegation of Greater Authority to Unified Commands 


We Recommend: (1) That military assistance planning and program- 
ming should be further decentralized to the United States Unified Com- 
mands overseas; (2) that the organization and staffing of the Unified 
Command headquarters be modified, including assignment of an Economic 
Advisor, as necessary to permit the Unified Commands to exercise their ex- 
panded role; (3) that al) military elements conducting military assistance 
operation should be brought under the authority of the appropriate Unified 
Commands; and (4) that the Unified Commands should be consulted and 
kept adequately informed on a timely basis of all pertinent information relat- 
ing to the planning of military assistance programs for their areas or to the 
implementation of programs for their areas already funded by the Congress. 


Speedier Allocation of Funds to the Military Departments for the 
Procurement of Military Assistance Materiel 


We Recommend: (1) That the Executive Branch establish procedures 
so that each office, agency or department charged with responsibility for 
reprogramming military assistance after appropriation, for reviewing mili- 
tary assistance programs at this stage, for transmitting firm programs and 
allocating funds to the military departments, and for submitting and acting 
upon apportionment requests, take the necessary action as speedily as 
possible and within specific time limits established by the Executive Branch; 
(2) that the Executive Branch establish procedures so that requests for 
apportionment of military assistance funds and of Department of Defense 
funds to finance the procurement of military assitance items in anticipation 
of reimbursement are made and acted upon concurrently, using a simul- 
taneous justification and the same data; and (3) that the Executive Branch 
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take required action so that two-thirds of the funds to be utilized for mij, 
tary assistance materiel in each fiscal year are made available to the 
military departments within 30 days after the military assistance appropria. 
tion becomes law; four-fifths within 60 days; and the balance, less any 
reserve deemed necessary for contingencies, within six months. 


Improvements in Military Assistance Actions by the Military Departmen 


We Recommend: (1) That the Defense Department take required action 
to insure that within the military departments high level command attep. 
tion is given to the Military Assistance Program, and in particular that 
after funds are allocated to them for the procurement of military assistance 
materiel, necessary procurement and related supply actions are greatly 
accelerated; and (2) that highly qualified and experienced personnel are | 
assigned to the program. 


III. Recapitulation of Recommendations 


A. Planning for Military Assistance 


That the Executive Branch take the required action to put into effect 
procedures for long range planning of military assistance, the key aspects 
of which are: 

1. time phased planning for three and ultimately five years in terms 
of foreign policy and national security objectives; 

2. a requirement that continuation of military assistance to each 
particular country depends upon continued affirmative findings by the State _ 
and Defense Departments that such country programs will support United 
States military and foreign policy objectives; 

3. State Department participation at an early stage in such planning 
to give foreign policy guidance; 

4, a greater degree of decentralization of planning responsibility to 
the Unified Commands and the Military Assistance Advisory Groups; _ 

5. increased participation in planning by the Country Team under 
the direction of the Ambassador; 

6. clarification of Executive Branch regulations to permit greater con- 
sultation with our allies where appropriate in planning military assistance, 
so as to produce a more effective total effort including better utilization of 
the resources of recipient countries; and 

7. a requirement that all military assistance plans, including order of 
magnitude dollar guidelines by area (or in appropriate cases by country), — 
be approved by the State and Defense Departments before their imple- 
mentation. 
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B. Development of the Military Assistance Program and Presentation 
to Congress 


That the Executive Branch take the required action to put into effect 
procedures for programming military assistance, the key aspects of which 
are: 

1. three year, time phased programs; 

2, greater decentralization of programming responsibility to the Unified 
Commands ; 

3, establishment and annual revision on the continuing basis of dollar 
guidelines for three year programming period ; 

4. increased participation in the programming process by the Country 
Team under the direction of the Ambassador ; and 

5. justification of the program to the Congress by representatives of 
the Department of Defense assisted by representatives of the State Depart- 
ment and International Cooperation Administration on a coordinated basis 
agreed to by the State and Defense Departments. 


C. Leadership Role of the Ambassador in Planning and Programming 
Military Assistance 


1. that United States Ambassadors as personal representatives of the 
President provide a strengthened leadership in the planning and program- 
ming of military assistance to assure that all United States programs for the 
country to which the Ambassador is accredited are consistent and effectively 
carry out United States foreign policy objectives for the country concerned ; 

2. that United States Ambassadors assigned to countries in which 
there are important United States military assistance and other aid programs 
should have appropriate experience and competence in this field when ap- 
pointed and should be given indoctrination and training in the special 
requirements of the post to which appointed ; 

3. that United States Ambassadors assigned to countries in which there 
are important United States assistance programs should be provided with 
a senior staff assistant qualified to assist him in planning and coordinating 
the several United States aid programs. 


D. Inclusion of Military Assistance Appropriation in the Department 
of Defense Budget 


That the request for the military assistance appropriation for Fiscal Year 
1961 be included in the Defense Department budget and submitted to the 
Congress in a separate title of the regular Defense Department Appro- 


priation bill, with the appropriation to be made directly to the Department 
of Defense. 
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E. Continuing Authorization for Military Assistance 

That at the current session of Congress the Executive Branch request , 
revision of the Mutual Security Act of 1954, as amended, to place th 
authorization for military assistance on a continuing basis. 


F. Implementation of the Military Assistance Program After 
Appropriation 
That the Executive Branch take the required action to put into effeg 
improved procedures for implementing the Military Assistance Program 
after appropriation, the key aspects of which are: 
1, that the Secretary of Defense should be given clearer responsibility 
for executing the program; 
2. that after appropriation and at subsequent stages of implementation | 
the State Department should be free to propose additional military assistance 
primarily for foreign policy purposes and to disapprove country programs 
for inconsistency with approved plans, foreign policy and other assistance 
programs ; 
3. that any disagreements between the Departments of Defense and 
State should be resolved promptly by the Department heads, and in the few 
cases where this cannot be done they should be settled by the President; 
4. that once programs are funded flexibility ordinarily should be 
secured by use of the President’s Mutual Security Contingency Fund | 
appropriation; and 

5. that the President should define in an appropriate executive order | 
or letter to the interested agencies the respective roles and relationships of _ 
the Secretaries of State and Defense in the planning, programming, and | 
execution of the Military Assistance Program in accordance with the | 
recommendations of this report. 


G. Management of the Military Assistance Program 


Department of Defense 


That there be established within the Department of Defense: 


1. A Director of Military Assistance, who at least initially might well 
be a suitably qualified officer of the armed forces, active or retired, of 
appropriate high rank; 

2. Assistant Directors of Military Assistance for the several geographic — 
areas; and 

3. A small independent evaluation staff. 


Delegation of Greater Authority to Unified Commands 


1. that military assistance planning and programming should be fur- 
ther decentralized to the United States Unified Commands overseas; | 
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9. that the organization and, staffing of the Unified Command head- 
uarters be modified, including assignment of an Economic Advisor, as 
necessary to permit the Unified Commands to exercise their expanded role; 

3, that all military elements conducting military assistance operations 
should be brought under the authority of the appropriate Unified Com- 
mands; and 

4, that the Unified Commands should be consulted and kept ade- 
quately informed on a timely basis of all pertinent information relating 
to the planning of military assistance programs for their areas or to the 
implementation of programs for their areas already funded by the Congress. 


Speedier Allocation of Funds to the Military Departments for the 
Procurement of Military Assistance Materiel 


1. that the Executive Branch establish procedures so that each office, 

agency or department charged with responsibility for reprogramming mili- 

assistance after appropriation, for reviewing military assistance 

at this stage, for transmitting firm programs and allocating funds 

to the military departments, and for submitting and acting upon appor- 

tioment requests, take the necessary action as speedily as possible and 
within specific time limits established by the Executive Branch; 

2. that the Executive Branch establish procedures so that requests for 
apportionment of military assistance funds and of Department of Defense 
funds to finance the procurement of military assistance items in anticipation 
of reimbursement are made and acted upon concurrently, using a simultane- 
ous justification and the same data; and 

3, that the Executive Branch take required action so that two-thirds of 
the funds to be utilized for military assistance materiel in each fiscal year 
are made available to the military departments within 30 days after the 
military assistance appropriation becomes law; four-fifths within 60 days; 
and the balance, less any reserve deemed necessary for contingencies, within 
six months. 


Improvements in Military Assistance Actions by the Military Departments 


1, that the Defense Department take required action to insure that 
within the military departments high level command attention is given 
to the Military Assistance Program, and in particular that after funds are 
allocated to them for the procurement of military assistance materiel, neces- 
sary procurement and related supply actions are greatly accelerated; and 

2. that highly qualified and experienced personnel are assigned to 
the program. 
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Mr. Dapvario. Admiral, you have touched on the question of secu- 
rity and you have given one pee example. * * * Do you run into 
this difficulty ners and do you have any recommendations if 

ou do run into such difficulty as to what could be done about it, 
taking security conditions into consideration? 

Admiral Haywarp. Yes, sir. * * * It is relatively easy in the secu- 
rity business for me to take that particular project and give the 
people in Italy who are working on that what we have done, what 
fathe we have taken, and where we have gone. Whereas if I tried 
to do it for all of NATO, I would not get to first base, because the 
security requirements throughout all of the different countries vary. 

Mr. Dapparro. Do you have any difficulty in this process, even this 
bilateral one that you have set up with our own security people in 
clearances Ay 

Admiral Haywarp. We have a joint security committee, and actu- 
ally in this process we have very, very little problem. We do have 

roblems in getting clearance across the board. The experience of 
the SHAPE Air Defense Technical Center was one that suffered from 
security and we learned our lesson in starting the La Spezia effort. 
They tried to clear we inte in NATO. Asa matter of fact, it only 
got cleared to the confidential level. 

There was a lot of radar information involved. They are in the 
electronics business, primarily in air defense. A lot of the things 
that we were working on in our country were not available to those 
people. The effort suffered because of this. 

Mr. Dapparto. You feel generally there is enough elasticity—— 

Admiral Haywarb. If you do it inthis manner. I agree with our 
people that you could not have a blanket security program for all the 

le in NATO. You have too much invested. There is a risk. 

Mr. Anruso. Admiral, in all of these foreign projects you are mak- 
ing use of foreign scientists, are you not? 

Admiral Haywarp. That is correct. In setting up La Spezia, after 
talking to the CNO of Italy and the people involved, to Norman 
Ramsey who was the scientific adviser to NATO at the time, we wanted 
tobring the best scientists we could to attack this problem. They were 
primarily worried about security of information and would they be 
aware of what we were doing. it was at their request really that we 
put an American technical director there because they felt that if 
they had an American technical director and he was an objective man, 
that he was not about to let them do something that would duplicate 
effort going on in our country, or go down a wrong street we had 
already tried and discarded. 

This is how Dr. Boothe became the technical director in Italy. And 
he has had a very successful recruiting tour around Europe. Of 
course, the center was commissioned on the 2d of May. He has been 
around in France and Germany and Denmark, Norway, and has gotten 
- very good response to getting good scientific ain't to come to La 
Spezia. 

In the case of most laboratories, when you start a laboratory—I 
have had to start them a good many times—you are optimistic if you 
really think you are going to get great results in a real short period 
of time. * * * 


- 
nan 
: 
| 
| 
| 
| 


320 BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 


I hope people do not get discouraged if they do not see results jy 
hardware in a year. 

Mr. Anruso. In these programs you are encouraging foreign sciep. 
tists to participate in a program which is of specific benefit to thei 
own country as well as to the security of the world ? 

Admiral Haywarp. Yes, sir. That is why you will notice the 
nations participating in the La Spezia group are involved with the 
submarine problem—maritime nations—and having a vital interey 
in it. 

Belgium is probably one of the leading proponents in the mine 
business and minesweeping. You will find Norway is very interested, 
The United Kingdom is very interested, and Canada. We hope of 
course some time after the center gets going, I guess on the anniversa 
next year, to have a symposium over there to which our people from 
our own ASW laboratories would go and have a general scientifi 
conference. Then the following year we would bring them over ty | 
one of our places and have the same thing, to really make them fe] 
that they are contributing and that they are a member of the fre 
alliance, and that we need their help. This is most essential to get a 
successful program over there. 

Mr. Anruso. Am I correct in saying that your program is welcomed | 
in these countries ? 
Admiral Haywarp. Yes, sir. Very much so. The Italians have | 
done a very fine job in every way they possibly can. There was, 
considerable discussion as to where the laboratory would be, and we 
picked Italy for a very specific purpose. We picked La Spezia fora | 
particular purpose. The facilities were there, the laboratory was there, | 
They had an effort there. * * * 
r. ANFuso. Your program is producing a lot of good will among 
these countries? 
Admiral Haywarp. Yes, sir. It is important we do not let it go 
off the track in any way so that it produces the opposite. | 
Mr. Anrvuso. Do you believe it will remove some of the common | 
jealousies among nations? | 
Admiral Haywarp. Yes. 
Mr. AnFuso. Some of the nations of NATO feel slighted because 
they are not in the Big Four Conference concerning Berlin. I think 
our program helps to encourage them and to invite them into a much 
arger organization for the protection of the free world. 
* * * * * * * 


Mr. Anruso. Do you foresee the possibility that in the future some 
of these countries will make not only personnel contributions but | 
financial contributions toward these projects ? 

Admiral Haywarp. They are contributing largely on a 50-50 basis 
to all projects except the La Spezia Laboratory, and other centers. | 
I do not know, Mr. Chairman, what will happen on NATO funding 
after the initial 2 years. It will depend on what the device is. If | 
something comes out of the lab, it could very well be. If it is particu- | 
larly adaptable to their particular problem, certainly. | 
* * * * * 


Mr. Anruso. Admiral, in your opinion, does the Navy need 4 | 
nuclear-powered aircraft for ASW ? 
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Admiral Haywarp. I will repeat my testimony that I gave the 
Joint Committee in Aircraft Nuclear Propulsion. 
* * * * ‘ “ 7 
Mr. AnFuso. It is your opinion that the pt is on the right course 
for what it seeks to do and the Air Force is on the right course in what 


it seeks to do? 
Admiral Haywarp. To meet the two different requirements. We 
want a og rw to begin with, and we want a slow-s large sea- 


lane. I think our a is sound technically. As for the Air 

orce’s approach for their requirements, I am sure that they would 
say the same thing for their program. 

r, ANFUSO. Will you tell us about the new ASW research center 
recently established at La Spezia in ep In connection with that 
I want to say Admiral Yeager told us the center was commissioned 
in May of this year. ; 

Admiral Haywarp. Yes, the 2d of May. Admiral Wright went over 
and Dr. Boothe took over as of that day. 

Mr. AnFuso. Is it now in full operation ? 

Admiral Haywarp. Not yet. Recruiting of scientific personnel is 
going on intensively. he 

Mr. AnFruso. What facilities will be installed there; or have already 
been installed ? 

Admiral Haywarp. The Italians gave us the laboratory there. It 
is situated in a very nice place. Some equipment is in the process of 
being procured, shipped, and installed now. This would be standard 
laboratory equipment, electronics, other measuring devices. Then 
some of the things for mente nee work, instrumentation, and com- 
puters. I don’t know actually how much is installed right at the 
moment. I know that the Raytheon people have told me that they 
are in the process of procuring it. 

Mr. Anruso. What type of work will be done there? 

Admiral Haywarp. They will start off doing operations analysis. 
They will do research and development. They will investigate par- 
ticularly sound conditions in the Mediterranean. They will look at 
such things as: Can you predict over a period of time the various 
sound conditions in various places there? We have a sonar predic- 
tion project going; but because of the problems that we have, we are 
covering another part of the world. They are going to cover the 
Mediterranean and continental waters. They have a pretty free 
hand. All of these people who are coming from the various coun- 
tries should be able to say, “Well, I have an idea for a new propulsion 
fora submarine or a passive sonar.” This will be much more un- 
directed, as it has to be if it is going to be an effective technical pro- 
gram. 

Mr. AnFuso. You are encouraging initiative? 

Admiral Haywarp. Yes, they have to make the program. We can’t 
sit back in the Pentagon and tell them. They have to do it. 

Mr. Anruso. Are there any quotas of personnel or commitments by 
nationalities ? 

Admiral Haywarp. No, sir; we are looking for good technical 
people. If they all come from one place we have no—— : 

r. AnFuso, Can you tell us how many are military and civilian ? 

Admiral Haywarp. I can tell you the military people that are there. 
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We have 12 people, and then there are 3 officers from other countries 
The Italians have a base there which will provide support devices, 
Mr. Anruso. You don't know how many civilians / 

Admiral Haywarp. There are three U.S. civilian scientists at pres. 
ent. Recruiting of foreign scientists is proceeding and we expect the 
first increment to arrive this summer, with about 25 on hand by 
October. 

Mr. Anruso. You have already told us that the Director is Dr, 
Boothe? 

Admiral Haywarp. Yes. 

Mr. Anruso. Give us something from his background. 

Admiral Haywarp. He is from Columbia. He is an excellent 
physicist. He was at the Hudson Labs. He participated in the 
project at Penobscott; in looking into all the things going into anti- 
submarine warfare. He has been on many of our committees. He is 
oung and very enthusiastic and interested in the ASW problem. 
@ was selected by us on the recommendation of some—well, you 
take some of the Dr. Killian’s Committee, some of the National Acad- 
emy. A lot of people passed on his recommendation. There wer 
quite a few candidates for the job and we picked him. We hope he 
will stay there at least 2 years. 


Admiral Haywarp. That figure I gave you was $2,750,000, 
Mr. Anruso. That is the initial cost? 
Admiral Haywarp. Yes; the estimated cost for the first 2 years of 
operation. 
Mr. Anruso. What will be the total cost? 
Admiral Haywarp. That will be the total, yes, sir; unless some. 
thing changes. That is adequate we feel to get it started. 

Mr. Anruso. What is the estimated annual operating cost; and 
will this be borne entirely by the United States? 

Admiral Haywarn. For the first 2 years it will. You can divide 
that by two, actually. 


a million ? 
Admiral Haywarp. Around a million. It will be slow going up. 
Actually it may average a little more because when you first start— 
when you go and recruit these people and until they get on the pay- 
roll, the early costs will be low. 

Mr. Anruso. Admiral Yeager told this committee the center is 
under the direct control of SACLANT. 
Admiral Haywarp. Yes; the supreme commander, Atlantic, who 
is Admiral Wright, has the responsibility for antisubmarine defense 
of NATO. 
Mr. Anrvuso. Is that the way it will remain? 
Admiral Haywarp. Yes. 
Mr. Anrvso. It will not be taken over by NATO? 
Admiral Haywarp. The center is already operating under a NATO 
commander. He is a NATO commander in the same position as 
Norstad. If you mean funding by NATO, this is another problem 
which is not resolved. 
Mr. Anruso. Tell us some of the advantages of locating this center 
at La Spezia ? 


Mr. Anruso. What will be the initial cost to the United States! | 


Mr. Anruso. What would be the annual operating cost? About | 
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Admiral Haywarp. One of the primary advantages was there was 
a going outfit there run by the Italians, that it is a very well run place. 

e Italians offered it to us. It is right on the water. It has good 
living conditions. It had everything that we could see that we needed 
for a laboratory of this type. * * * 

If you have to build a building and start everything else, well, it 
takes a much longer time. Here we could get into operation right 


eA Anrvuso. That was a contribution by the Italian Government ? 
Admiral Haywarp. Yes, sir. 
Mr. Futron. What size contribution would you say that was? 
Admiral Haywarp. It is estimated that the entire facility would 
cost $1 million. 


* * * * a + * 


Mr. Anruso. The Department of Defense has given this committee 
a list of unclassified research contracts made by our military depart- 
ments with foreign scientists and agencies. 

I notice that the Navy has only 27 such contracts while the Army 
has 124, and the Air Force 334. Does this discrepancy indicate that 
the Navy is failing to utilize the potentialities of foreign scientific 
cooperation ? 

Admiral Haywarp. I will let Captain Metsger answer this, but I 
would first point out that these unclassified research contracts should 
be distinguished from the classified MWDP contracts of which the 
Navy has a full one-third share. 

Captain Merscer. Mr. Chairman, the Navy European research con- 
tract program is administered by the Office of Naval Research—my 
office. Our practice and policy in this program, as I touched on ear- 
lier, is to utilize capabilities which we find in Europe and which we 
need and which are unique. We use European scientists to help us. 
Our financial situation is not such that we are able to engage in aly. 
ing European scientists. Wherever the work can be done in this 
country, we would do it in this country because the byproduct of build- 
ing a complement, adding to the number of qualified and able people, 
we would like to hold here available to us for use in time of emergency, 
if that were to come. 

Therefore, we go to the European community only for unique capa- 
bilities which we need then. this holds us down to specific projects 
for which there is identifiable need. 

Mr. Anruso. That is understandable. Will you please tell us, 
Admiral, about the $100,000 project on which Dr. Warnecke is work- 
ing in France, involving the investigation of multidimensional 
periodic structures / 

Captain Merscer. I would like to answer that question, also, sir. 

This project is not now active. This contract expired on Novem- 
ber 30, 1956. The work was considered valuable and very promising, 
but additional funds were not available to renew the contract and 
continue the work. It was not sufficiently important to find its place 
high enough on the priority list for continuation. 

r. Anruso. Then you abandoned the project ? 

Captain Merscer. This project is closed out and abandoned as of 
November 30, 1956. 

Mr. Anruso. Any questions by members of the committee ? 
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Mr. Futon. Was this in Paris? 

Captain Merseer. The CSF was in Paris. 

Mr. Futron. Why was it down on the list in priority? What was 
the reason for downgrading it ? | 

Captain Merscer. Other things came on the list, sir, which wep 
more important and used the funds before we got to this. 

Mr. Anruso. Any other questions? 

Mr. Futron. Off the record. 

( Discussion off the record. ) 

* * * * * * * 


Mr. Dapvario. Getting back to La Spezia for a moment. How will 
the scientists be housed—themselves and their families? 

Admiral Haywarp. They will come with their families and liye | 
right there. They will rent a place. They will actually come and 
work there for a considerable time. I look forward to about 4 | 
permanent people from the various countries—scientists who would 
come and live in the area. 

Mr. Dapparto. When you say they will live in the area, you don't 
mean an area within the laboratory 

Admiral Haywarp. No. We haven't built any housing. 

Mr. Dappario. You won’t have the type of scientific community who 
will not only work together but their families—— i 

Admiral Haywarp. La Spezia is a small town. I am sure the 
community will be very close. They won’t live such as at Las 
Alamos or something of this kind. They will be living in the town 
and country there. 

Mr. Dappartio. I know the area quite well. I know it isn’t the 
largest place in the world. But at the same time, my point is that 
they will be living generally within the community, rather than 
within a scientific community set aside just for themselves? 

Admiral Haywarp. That is correct. 

Mr. Dapparto. Admiral, is this the type of a laboratory that, if | 
it was not set up in La Spezia, would have to be set up somewhere 
else to do the work that you feel must be done? 

Admiral Haywarp. In other words, would I have set up another 
laboratory in the United States? 

Mr. Dapparto. Yes, to do this same type of work ? 

Admiral Haywarp. No, I wouldn’t have because I would have 
added to what I have now. But it is primarily for the use and getting 
the maximum cooperation with the Western European scientific 
community. It is getting them to work on our mutual problems, 

Mr. Dappario. Then you feel that you are utilizing scientists in 
this project whom you otherwise might not have been able to use! 

Admiral Haywarp. Yes, sir. 

Mr. Dapparto. How do you feel, costwise, it will work out, even 
though you are setting this up as a separate laboratory? If you had | 
to do it here would you have had to add to existing facilities? How 
do you think it will work out cost wise ? 

dmiral Haywarp. It would cost you more, undoubtedly. I 
couldn't start a laboratory of this size—do it over here for what | 
could do it there, if that is the question. 

Mr. Dapparto. In the long run will it be a cheaper operation! } 
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Admiral Haywarp. Yes, and will tap a source of knowledge we 
wouldn’t have otherwise. 

Mr. Davparto. Will you have an opportunity to bring scientists 
there much easier from the standpoint of transportation and dis- 
seminate the information easier 

Admiral Haywarp. Yes, sir. We thought of putting it in Norfolk, 
Va., which is the headquarters of the Supreme Allied Commander, 
or Bermuda. But we were faced with bringing these pee to the 
United States. You have the matter of exchange and money and 
everything. The cost goes way up. They don’t want to come to do 
this in the United States. 

Mr. Dappario. Even though—this gets back to one of the questions 
asked by the chairman—even though it is going to be funded by the 
United States for the first 2 years, as it enlarges and, if the United 
States must continue to pay the bill, it will still continue to be a 
very worthwhile and profitable venture from the standpoint of overall 
cost, would it not 

Admiral Haywarp. Yes, sir, it certainly will. 

Mr. Dapparto. I think it is an excellent facility and idea. 

Captain, if I might get back just to one or two questions to you. The 
chairman asked you about whether or not you were fully utilizing the 
foreign scientists because of the variation in numbers existing between 
yours and some of the other services, and you said you were. You 
were only using those scientists for the projects you needed. Do you 
mean that the Air Force, for example, is using scientists whom they 
might not otherwise need or might not otherwise use in this country ! 

aptain Merscer. I really can’t speak for the Air Force or other 
services. 

Mr. Dappario. You do feel with the funds you have available, the 
number of contracts you have, it is a maximum effort on your part? 

Captain Merscer. It does not—it is not a maximum effort, sir. It 
is the best balanced program which we can put together with the 
severely limited funds at our disposal for the whole naval research 


activity. 

Mr. ae You are satisfied that within the funds that you have 
you are getting the best utilization of the moneys involved and you are 
getting the best scientists you can get your hands on to do the projects 
outlined in the priority as you have them? 

Captain Mersaer. Yes, sir, that is correct. 

Mr. Anruso. We want to hear before we close this record from 
General Maris, who has been good enough to come here and tell us 
about other foreign programs supported by the Defense Department. 
uae there any more questions of Admiral Hayward and Captain 

etsger 

You have been very good in your presentation, and we appreciate 
the information you have given us. Thank ou very much. 

General Maris, can we have the benefit of your testimony now as to 
foreign installations ? 

General Maris. I will be glad to contribute anything I can to the 
discussion that you are interested in. 

I would like first, if I may, to differentiate— 


os Anrvuso. Will you please first of all identify yourself for the 
record. 
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STATEMENT OF GENERAL MARIS, CONSULTANT TO THE OFFICE 07 
DEFENSE RESEARCH AND ENGINEERING, DEPARTMENT 97 
DEFENSE 


General Maris. I am a retired Army general. My last assign. 
ment was Chief of Research and Development for the Army. TI am 
now acting in the capacity of a consultant for the Defense Depar. 
ment in the Office of Defense Research and Engineering, rimarily 
on the mutual weapons development program, with which I have been | 
connected from its very beginning. 

I would like, if I might, first to invite your attention to the fa 
that considerable information which the admiral just gave you ip 
connection wtih certain of these projects is classified confidential or 
secret. The classification of each project is that placed upon it by 
the country of origin. We have agreed to honor those classifications 
under all conditions, as you well realize. 

If I may, I would like to go back just for a moment to give you 
some of the history of this mutual weapons development program, 
Since this is a mutual effort between the United States and our allie 
under the military assistance program, these funds come from the 
foreign aid appropriations. The contract research projects, of which 
the admiral spoke, are funded by money appropriated to the Navy | 
Department for its research and development programs. The Ia | 
Spezia installation, for instance, is a mutual weapons development 
project, and, as such, is being supported with military assistance 
program funds. 

The mutual weapons development program (MWDP) was estab 
lished by a special provision of the Mutual Security Act in 1958, at 
which time $100 million was authorized initially and $50 million actual- 
ly was appropriated to provide “special weapons,” as they were called | 
at that time, other than nuclear, to our allies. It was, of course, evi- | 
dent that the net amount of money was insufficient to provide signif. | 
cant quantities of modern weapons for our allies, but in the legisla. | 
tive history, it was brought out that this could be well used in re 
search and development for the support of promising projects in the | 
research and development programs of our allied countries. 

So it was determined then by the Assistant Secretary of Defense, | 
ISA, and the Assistant Secretary of Defense, Research and Develop- | 
ment, that such a program would be attempted. Mr. Quarles, as you | 
recall, had just then assumed the position of Assistant Secretary of | 
Defense, Research and Development. If I may, I would like to ex- 
plain how I became involved in this program. In the fall of 19531 
had been retired for a little less than a year, when Mr. Tracy Voor- 
hees, who had become the Defense Department’s representative in 
Europe as military adviser to the U.S. Ambassador to NATO, and | 
also director of offshore procurement, asked me to come back and 
work as his deputy in Paris. I gave up my retired status for a couple | 
of years, and went to work on that particular job. 

Mr. Quarles asked us if we would conduct a survey of the R. & D. 
programs of our NATO allies and determine whether or not they 
would be willing to participate in a mutual research and development | 
program disclosing to us what they were doing, and whether or not | 
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additional funds could be utilized to accelerate and assist in pushing 
selected projects which would improve their defensive capabilities; in 
other words, weapons and equipment of advanced design with which 
to replace the World War II type of ee much of which was 
moplied to our allies under the mutual security program, and thus 
improve our overall mutual defensive 

ith that general idea in mind, plus the fact that Mr. Quarles had 
indicated that anything we helped to support over there, should be 
made available to other countries of the free world, including, of 
course the United States, if we desired, we conducted this research 
survey. Representatives of our own Army, Navy, and Air Force 
research and development agencies participated, so we were able from 
what we knew here, and what we learned there, to select those projects 
which we felt were most promising, and would be most valuable can- 
didates for support, considering all these conditions. 

This program has proven, we think, very successful from the be- 
ginning. It is helping to mobilize the bulk of the military scientific 
talent in our allied countries because, in furnishing additional funds 
for these projects, we enable them to bring additional scientists into 
the program. This has become a mutual program throughout. 

Actually, the support which we have given to this program has 
been a little less than 50 percent of the costs across the board through- 
out the entire period. Taking into account the money which our 
allied countries had already spent on these projects our portion of the 
costs amounts to about one-third This is really mutual from the 
viewpoint of the financial support. 

Mr. Anruso. Are these the countries in which the Defense Depart- 
ment has projects: United Kingdom, Germany, Italy, France, 
Austria, Ireland, Sweden, Spain, Switzerland, the Netherlands, 
Belgium, Denmark, Norway, Greece, and Israel ? 

General Maris. No, sir. You are referring to a list of countries 
in which our military departments have research contracts direct 
with individuals or institutions. Our mutual weapons development 
program, of course, is a country-to-country arrangement. It is based 
upon bilateral SF which were negotiated between the Gov- 
ernment of the United States and the governments of the respective 
countries which were considered to have significant scientific talent 
available, and promising programs. 

The countries with whom we negotiated initially were the United 
Kingdom, Norway, the Netherlands, Belgium, France, and Italy. At 
that time we did not go into Western Germany for political reasons. 
Recently we have added Germany, Denmark, and Turkey. We are 
considering some additional countries, as well. 

This being a grant-aid program countries which may participate 
are limited to those with whom we have mutual security agreements. 
If not, it is necessary to incorporate in the agreement those assurances 
which are required by the Mutual Security Act with respect to how 
seement provided under the military assistance program is utilized. 

e countries with whom we have MWDP agreements are included 
among those with whom we already had military assistance 
agreements. 

Mr. Anruso. Are you contemplating other agreements? 
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_ General Maris. Yes, sir. * * * You mentioned the security sity. | 
tion a little while ago. Security is important, of course, because yp | 
are now, more and more, contributing classified U.S. technical info. | 
mation to the MWDP projects which we are financially supporting | 
We now have three types of projects. = 

First, the research and development type, designed to develop 
weapons or equipment. Then we have the centers, of which La Speziy 
is the latest. There are three centers. Finally, we have what is know) | 
as data exchange agreements. These are new, just put into effeg 
within the last year, following the President’s announced policy of 
increased sharing with selected allies of scientific information relat. 
ing to military research and development and its application. 

* * * * * * rs 


With respect to funding the three types of projects just mentioned, 
the bulk of the money goes to the hardware projects. . 

The data exchange agreements cost very little. The costs are thow | 
involved in the exchange of information between the countries op 
specific defined areas which are stated in the agreement, and for travel 
of technical experts to inspect the projects. Agreements specify the 
installations that are involved and the parameters of the technical | 
areas or projects concerned. 

A project officer is assigned by each country, and all information 
passes through these project officers to the installations that are ap- 
proved and listed in the agreement. 

Mr. Anruso. Are you satisfied with the progress you are making! 

General Maris. Exceptionally good progress, sir. We feel very | 
happy over the entire arrangement. We feel in this instance we ar | 

etting considerable in return, because all technical information which 
is developed in these projects during our support is available to the 
United States free, of course. 

Mr. Anruso. That is a good gain. 

General Maris. That is a fine byproduct we are getting from this, of | 
course. All of these projects are accessible to our interested military | 
technical people. Each project is assigned to one of the three depart: | 
ments, Army, Navy, or Air Force, to monitor. They monitor from | 
the viewpoint of looking after the U.S. interest in connection with | 
the project, and making sure that if we have technical information 
which can be made avalible which will improve the project, it is pro- | 
vided so as to avoid unnecessary duplication of effort. 

Mr. Mircueti. Would you just differentiate the procedure as to | 
how it varies from that of the contract type of problem? Under the 
mutual security program, how does it differentiate from the various 
departments and the direct contracts? 

General Maris. The departments contract for specific research to 
be done by specific scientists, institutions or establishments on a par- 
ticular project for a certain amount of money, They are straight con- 
tracts. They are similar to those contracts entered into here in the 
United States by the Office of Naval Research which carries on a great | 
deal of this sort of activity under its particular legal status, A great 
deal of that is basic research which is of interest to the service itself, 
and which will have some application eventually in improving some- 
thing needed by the military service. That is usually the basis upon 
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which those contracts are made with scientists who are selected for 
their particular capabilities. 

In the case of mutual weapons development projects, these are 

rojects which belong to the countries participating in the programs. 
We are actually buying into those projects, when you look at it from a 
financial viewpoint. They agree to disclose to us all they have done 
and are doing on the projects in question. These projects are selected 
on the basis of criteria which are established for this particular 

rogram. They must satisfy these criteria in order to be considered. 
hey must be sufficiently impotant in priority to come within the fund- 
ing limitations. 
Mircue.i. Are they participating financially in these pro- 
grams, too? 

General Maris. Yes. 

Mr. Mircue.i. They are in existence before we buy into them? 

General Maris. Yes. The funds we contribute provide support of 
additional facilities, scientists, and other R. & D. costs. We are not 
engaging in any crash programs. We remain within what we call 
the economical limits. The amount of money is restricted to that 
which, when added to these projects can be economically utilized over 
and above the amount programed by the country of origin for its con- 
tinued financial support thereof. 

Mr. Dapparto. raed on this question of classification, you say 
the classification is made by the originating country ¢ 

General Maris. It is their project; yes, sir. 

Mr. Dappartio. In certain instances, namin while they are making 

rogress in their research and nee rye if we find there is some 
information that we have which would help them would we usually 
give them that information ? 

General Maris. Yes. 

Mr. Dapparro. Do you still run into that situation, however, if that 
is done they still would be the country which would supervise the 
security ¢ 

General Maris. That is right. It goes to that country, but first 
has to be processed in oneiiinas with existing policy. 

* * * * * * * 


Every effort is made to provide the information which will con- 
tribute to improving the projects which we are supporting without 
jeopardizing the interests of the United States. 

Mr. Dappario. We do get the full benefit of the information de- 
veloped and the full use also of the weapons system—— 

General Maris. That is right. The technical people from our re- 
search and development institutions and installations are utilized by 
the Army, Navy, and Air Force to visit and inspect these projects 
from time to time, at least once a year, and sometimes more often, 
ss upon the way the project is progressing. 

Mr. Dappanio. Is there usually American personnel assigned to these 
projects 

General Maris. No, with the exception of the centers. We have per- 
sonnel present at the Air Defense Technical Center in The Hague and 
the Saclant Center at La Spezia, since we are providing the funds for 
those installations. The a nr charged with monitoring the 
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center has personnel present on the ground to handle the financial | 
arrangements. 

Mr. Dappario. Otherwise, they are all personnel who belong to— 

General Maris. The scientists are contributed by the various coyp. 
tries. The host countries provide the centers and all the foreigy 
scientists a special status. This includes exemptions and privile 
concerning customs duties, taxes, exchange, baggage, personal paper, 
and other matters. 

Mr. Anruso. Thank you very much, General Maris. It is nice of | 
you to come here, and we appreciate your testimony. 

General Maris. If there is further testimony that you would like 
we shall be glad to furnish it. 

Mr. Fuuron. Mr. Chairman, I would like to provide the U.S.S.R 
exhibition book from the opening June 29 at the coliseum in New York 
of the Russian exhibit of science and development. 

I would like to point out that on page 8 of the book there is a pic. | 
ture entitled “Powerful Soviet-Made Radio Telescope Peering Into 
Outer Space,” showing a large radio telescope installation other than 
big dish type such as we in the United States and England use. In the 
picture will be seen there are two possible interferometer towers in | 
the right lower distance, with confirmations about which I believe this | 
committee should be advised. 

I would like the Navy research and development to inspect this | 
photograph and make a comment for our record as to the potentialities 
of such a confirmation and installation as well as their estimate of 
the development of this type of installation compared to our pro- | 
posed big dish installation in West Virginia, as well as to the Jodrell | 
Bank big dish telescope at the university at Manchester. 

Mr. Anruso. I have asked Admiral Hayward to accompany the 
subcommittee to New York to visit the Russian exhibit. 

The committee stands adjourned. 


(Whereupon, at 11:40 a.m., the subeommittee adjourned.) 
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CHAPTER I: INTRODUCTION 


The success of the U. S, Army has always been greatly depen-: 
dent upon the competence of its Technical Services, This competence 
has steadily expanded and matured as the demands of warfare have 
progressed from muskets and mules to rockets and missiles and to 
space technology. 


The United States is not only dependent upon technology for its 
physical security, but is inexorably dependent upon technology for the 
maintenance of United States prestige as man begins to penetrate worlds, 
outside his own, 


This publication discusses the past performance and the existing 
capabilities of the U. S. Army's Technical Services -- The Corps of 
Ordnance, Engineers, Signal, Quartermaster, Chemical, Transporta- 
tion, and the Medical Service, organizations which have already made 
invaluable contributions in the advancement of United States space 
technology. Considerable treatment is given the Army's record of 
accomplishments, There is, perhaps, little apparent relation between 
the development of a semi-automatic rifle and the launching of the first 
United States satellite, or between the solving of the Panama Canal 
malaria problem and the successful transport of primates through space, 
But however divided these accomplishments may be in point of time and 
purpose, they are nonetheless the product of a single, timeless mission 
othe Army Technical Services: To provide the Army whatever tech- 
fical support the United States of America requires, 


The Army Technical Services presently own and operate approxi- 
Mately one billion dollars worth of research and development facilities, 
The research and development resources of the Army include approxi- 
mately 40,000 personnel, with a high percentage of scientific and engi- 
feering talent capable of conducting and controlling the most advanced 
@iorts in research and development, These personnel and facilities 
fepresent an annual operating expense of over $400 million, and are 
Supported during the current fiscal year by an approximate $3/4 billion 
@iort from industry and private institutions, These activities include 
fesearch and development work in four general categories: 


1, The development of missiles for land and air combat and 
missile defense, and the development of space vehicles, 
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2. Research and development to maintain man's operating effec. 
tiveness, regardless of environmental conditions, 


3, Electronic research applicable to both weapons and space ex. 
ploration, 


4, Construction, mapping, and engineering materiel, 


Within the framework of these four categories, the Army Techni. 
cal Services are conducting a significant portion of the United States 
missile and space programs, These programs, being conducted for 
the Army, for other elements of the Department of Defense, and for 
the National Aeronautics and Space Administration (NASA), include: 


Ordnance 


As prime developer of Army missile systems, Ordnance has con- 
ducted a broad program of rocket and missile development since 1944, 
Seven Ordnance-developed systems -- CORPORAL, NIKE AJAX, NIKE 


HERCULES, HONEST JOHN, LITTLE JOHN, REDSTONE and JUPITER... 


have been deployed or are ready for deployment, Systems now in de- 
velopment include: MAULER, HAWK, REDEYE, LACROSSE, NIKE 
ZEUS, SERGEANT, and PERSHING, 


Ordnance programs being conducted in support of the national 
space program have an estimated value of some $300 million, These 
programs began with the launching of EXPLORER I, the first U. S, 
satellite, and have expanded to include: 


SATURN Program -- development of a 1,5 megapound booster 
the basic element of the first U. S. space vehicle with significant pay- 
load capability. 


Project MERCURY -- a project to place a man in space by means 
of a ballistic vehicle, Ordnance participation includes manufacture of 
REDSTONE and JUPITER boosters, mating the payload capsules with 
the boosters, and launching. 


JUNO II -- satellite and space probe firings with the JUNO Il 
vehicle (JUPITER plus upper stages). 


Research Projects -- Ordnance is directing study programs in 
virtually every area of missile and space systems development, 
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These projects include research in the fields of electronics, propel- 
lants, heat rejection, space intercept systems, and ballistic missile 
defense. 


Engineers 


As the largest.single construction organization in the world, the 
Corps of Engineers is constructing missile bases and launching sites 
and facilities wherever the requirement exists, 


The Army Map Service is currently working on a project to map 
the moon, The project envisions the making of a 1:5,000,000 scale 


map. 


Research, development, and procurement projects totalling 
almost $9 million are being conducted in support of Ordnance missile 
systems development programs, This effort includes development of 
such items as propellant generation, storage and transfer systems, 
power plants, shelters, and peculiar system components, 


Signal 


Signal is conducting eleven missile and space projects for 
Department of Defense agencies and for NASA, These projects have 
a projected gross value of some $70 million, 


Signal has contributed to VANGUARD, Project SCORE (the first 
communications satellite), and other U. S. satellite and space probe 
projects, 


Signal is now conducting a number of satellite and satellite systems 
programs for the Army, for NASA, and for the Advanced Research Pro- 
jects Agency (ARPA). These include: Project TIROS (TV and infrared 
scanning), the COURIER communications satellite, and a communications 
system much larger in scope than COURIER, 


Ordnance and Signal are jointly sponsoring a contract to develop 
improved surveillance techniques. 
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Although the major share of these programs currently falls 
within the mission of Ordnance, Engineer, and Signal, these programs y: 
are supported by the applicable resources of Transportation, Chemical, a 
Quartermaster, and the Medical Service, These Technical Services U 
have space-related support missions in the following areas: n 


Army Medical Service a 


The Army Medical Service has responsibility for the bio-medica] 
aspects of Army missile transport, and has responsibility for the psy. 
chological aspects of NASA's Project MERCURY. 


Quartermaster 


Quartermaster is engaged in the development of non-perishable 
food pastes and tablets for consumption under zero gravity conditions, 
the utilization of algae for food production and oxygen regeneration, / om 
studies of the effects of confinement, and development of special 
clothing, shelters and handling equipment, 


Transportation 


Transportation is supporting national missile and space programs 
in managing the movement of personnel and materiel, and in developing 
techniques for handling and moving missiles, space vehicles, and 


ground support equipment, n 
0 
Chemical 

Chemical is presently engaged in research and development work 

in alpha, beta, gamma, and neutron dose and spectrum measurements, 
thermal radiation, shielding requirements, nuclear weapons effects, s. 
chemical oxygen production, toxicity studies, wound ballistic'studies, 8 


and other activities relating to the protection of man from biological, 
chemical and radiological hazards, 
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This publication also discusses the projected activities of the 
Army -- those activities which are planned or proposed to further 
advance this nation's space technology. The current policy of the 
United States reflects recognition of an urgent need for that advance - 


ment. 


The Conference Committee Report on the National Aeronautics 
and Space Act of 1958 stated: 


"The establishment of a national space program 
is a matter of the highest urgency both for reasons 
of immediate national defense and to insure that in the 
long run outer space is effectively utilized for peace- 
ful purposes, . .the decision to enter into the space 
age is not one the United States can ignore or defer, 
Our national survival requires it." 


More recently, a report of the House Select Committee on Astro- 
nautics and Space Exploration stated: 


"The military potentials of space technology, 
which the United States would prefer to see chan- 
neled to peaceful purposes, are greater than the 
general public discussion to date suggests, Mili- 
tary space capabilities are technically worth pur- 
suing in their own right," 


The magnitude of our dual dependence on technology for both 
military and peaceful purposes demands economy in the expenditure 
of our national effort. To effect that economy, national space pro- 
grams must take advantage of all available resources, particularly 
those which have demonstrated their capability and which offer even 
greater potential. 


This publication reviews the resources of the U. S. Army -- the 
performance and potential of its technical team in the advancement of 
space technology. 
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CHAPTER II: ORDNANCE 


ROLE OF THE ORDNANCE CORPS 


The basic mission of the Ordnance Corps is to provide and 
service the Army weapons for land combat, air defense and missile 
defense. This mission involves a complete responsibility from the 
selection of the most advanced, feasible methods of meeting combat 
requirements, through the provisioning and support of these items 
in quantity, in the hands of the combat forces. 


Ordnance has also supplied other services with weapons, includ- 
ing the recent JUPITER Missile System for use by the U.S. Air Force, 
and has supplied materiel in foreign aid programs. 


It is also the mission of Ordnance to give its specialized, techni- 
cal support to certain national space programs sponsored by ARPA, 
and by virtue of a special agreement between the Army and NASA, to 
support certain space programs for NASA. 


Today, Ordnance is engaged in many broadly diverse programs 
of space exploration. These programs have already provided the 
first U.S. satellite and the first instrumented exploration of space 
beyond earth's gravitational control. Current national programs 
conducted by Ordnance will make possible the first U.S. firing of a 
man into space by means of a ballistic vehicle. Current national 
programs conducted by Ordnance will provide the earliest possible 
means by which the United States can place substantial payloads into 
space. 


Since 1944, Ordnance has been engaged in the development of 
major missile systems. Such successful programs as CORPORAL, 
NIKE AJAX, NIKE HERCULES, HONEST JOHN, LITTLE JOHN, 
REDSTONE, and JUPITER represent truly outstanding technological 
achievements. Current missile systems development will provide 


such systems as PERSHING, NIKE ZEUS, HAWK, MAULER, RED- 
EYE, LACROSSE, and SERGEANT. 


Projects conducted by Ordnancein the missile and space field 
have demonstrated Ordnance's immediate, reliable response to the 
urgent demands of national space programs. The EXPLORER series 
provided three U.S. satellites, including EXPLORER I, the first 
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satellite launched by the free world. In the PIONEER series, 
sponsored by NASA, Ordnance launched the only successful U.S. 
lunar probe to date. Another invaluable ''first'' was scored on 28 May 
1959 when two primates were encapsuled in the nose cone of a JUPITER 
IRBM and recovered alive after being flown over a trajectory that 
carried them some 300 miles into space and some 1, 700 miles from 
launch site (Figs. 1, 2, and 3). 


Recent and current projects conducted by Ordnance in support of 
national space programs have a projected gross value of $300 million, 
In addition to the EXPLORER and PIONEER programs, Ordnance 
space programs include: 


1. SATURN Program - development of 1.5 megapound, clustered. 
engine booster. Individual engine delivery has begun and booster 
fabrication is underway at the Army Ballistic Missile Agency. The 
ABMA static test facility is being modified to accommodate the 
SATURN booster. It is this vehicle which will provide the earliest 
U.S. capability for launching space payloads of great weight (Fig. 4), 


2. Project MERCURY - utilization of the REDSTONE and 
JUPITER vehicles in support of NASA's manned space flight program, 
The project MERCURY vehicles will be utilized for firing a space 
capsule on a ballistic trajectory to produce zero-gravity flight. 


3. JUNO II Program - Ordnance is conducting satellite and 
space probe programs which call for firings of JUNO II vehicles. 
These firings include: 


IGY-type satellite, 
Radiation Measurement. 

NASA Balloon satellites. 

Heavy IGY satellite. 

Ion Probe. 

Gamma Ray Measurement satellite. 


meno 


4. Research Studies - direction of various study programs in 
basic and applied research, including space intercept systems, high- 
altitude platforms, reentry physics, and space heat rejection 
problems. 


5. Radar and Electronic Measurement Research - direction of 
programs in the research and development of advanced types of 
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% Fig. 1. EXPLORER I, the First U.S. Satellite, Developed 


and Launched by Ordnance - 31 January 1958 
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Fig. 2. PIONEER IV, the First Successful Lunar Probe and Sun 


Satellite, Developed and Launched for the National Aeronautics — 
and Space Administration by Ordnance - 3 March 1959 
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Fig. 4. Delivery of the First of Eight H-1 Engines to the Army 
Ballistic Missile Agency for Assembly of the First Saturn Booster 
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radar with a wide range of space application . 


6. Propellant Research - direction of research and development 
of high-energy, solid and liquid propellants (Fig. 5). 


7. Ballistic Missile Defense - development of defense techniques 
against Intercontinental Ballistic Missiles. 


Projection of Activities Related to the Missile and Space Field 


The U. S. Army Ordnance Missile Command has proposed 
several new research, development or study programs to include: 


1, Supporting Research - a program for supporting research in 
the areas of propulsion and propellants, terminal guidance and con- 
trol, telemetering and instrumentation, temperature investigations 
and control, environmental investigations, and auxiliary power 
supplies. 


2, Anti-satellite Defense - studies to determine the feasibility 
of a satellite intercept system. 


3. Space Defense System Optimization Study - proposal for an 
optimum space defense based on a defensive vehicle with orbital 
capability. 


4. Ionosphere Investigation - proposal for a satellite experiment 
to investigate the ionosphere. 


5. Nozzle Material Research - a proposal to investigate physical 
and chemical principles affecting high temperature materials for 
rocket nozzles. 


6. Propellant Chemistry Program - a program of research and 
investigation in advanced solid propellants. 


7, Ballistic Missile Defense - a comprehensive program to 
cover all aspects of ballistic missile defense, including flight 
phenomena, identification and kill techniques, acquisition, tracking 
and data reduction, feasibility investigations and exploratory 
research, 
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Fig. 5. Research at the Jet Plasma Facility, Army Rocket 
and Guided Missile Agency 
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8. Influence of External Forces on Spin Body in Space - a 
proposal to evaluate external influences which disturb a spinning 


body in space. 


9, Also included are proposals for the expansion or extension 
of other programs now in progress. 


RESEARCH AND DEVELOPMENT CAPABILITIES 


Advances in Ordnance Materiel 


Throughout its history, and particularly during the past 25 years, 
the Ordnance Corps has earned an enviable reputation for forward 
thinking and for being able to anticipate trends in weapons developrrent 
and keep ahead of enemy materiel. As detailed in the following para- 
graphs, this has been true of weapons for land combat, tanks, trucks, 
air defense and anti-missile weapons, and ammunition. The Ordnance 
Corps’ greatest challenge came during World War II when, after 20 
years of peace and austerity budgets, it was suddenly called upon to 
match the equipment developed secretly over the years by the German 
and Japanese armed forces. The record speaks for itself. The 
American soldier in World War II was the best equipped soldier in 


the world. As a result, the U. S. Army won an unbroken string of 


victories all around the world with a minimum loss of life. In Korea, 
United Nations forces were usually outnumbered by the enemy but 
superior weapons, combined with skilled leadership and courageous 
fighting, won the day. 


Since the end of the Korean conflict in 1953, the Army research 
and development program has made further spectacular progress, 
particularly in the field of rockets and guided missiles. All Ordnance 
development work has been directed toward making combat equipment 
as light and compact as possible without decreasing efficiency in per- 
formance. As in the past, Ordnance has continued to stress simplicity 
of design and operation, ruggedness, and reliability. 


1, Land Combat Weapons 


The U. S. Army was the first army in the world to equip its 
troops with a really good semiautomatic rifle. The . 30 caliber semi- 
automatic rifle, Ml, popularly known as the Garand, was developed 
at Springfield Armory and was universally recognized during World 
Warll as the best military rifle in the world, just asthe Springfield 
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1903 had been the best in World WarI. In 1957, after exhaustive 
tests under all climatic conditions, a new light rifle developed by the 
Ordnance Corps at Springfield Armory was adopted by the Army. 
Capable of either automatic or semiautomatic fire, and chambered 


for the standard 7.62 mm NATO cartridge, it is probably the best all. 


around military rifle in the world today, 


But Ordnance has not been content with conventional designs, 
It has pioneered new concepts in the category of infantry weapons in 
an effort always to keep ahead of potential changes. The most sensa- 
tional infantry weapons development of World War II was the portable 
2. 36-in. rocket launcher known as the "bazooka". In the Korean 
conflict the 3.5-in, ''super bazooka" was ready in time to meet the 
challenge of the most heavily armored tanks thrown into battle by the 
Communist forces. In World War II, and even more in Korea, light- 
weight recoilless rifles developed at Frankford Arsenal put artillery 
firepower into the hands of infantry troops. Still more effective infan- 
try weapons such as DAVY CROCKETT are now nearing the end of 
the research and development cycle. 


Recognizing at an early date the need for mobile firepower, 
Ordnance successfully designed and produced self-propelled artillery 
during World War Il at a time when the enemy was still relying on 
towed weapons. Time and again enemy captives declared, ''Your 
artillery fire was devastating. '' 


After World War II the Ordnance Corps went to work to 
develop atomic artillery. In 1953 it fired the world's first atomic 
artillery weapon, the 280 mm gun. It also continued its efforts to 
give cross-country mobility to artillery weapons and, thus, anticipa- 
ted the demand for speedy dispersion and reconcentration in atomic 
warfare. By 1958 Ordnance had devel oped an 8-in. atomic shell that 
greatly increased the Army's capability for using mobile atomic fire- 
power, as well as conventional high explosive ammunition. 


In the years that followed World War II, the Ordnance Corps 
pushed forward with development of a whole family of improved rockets 
and guided missiles, using both conventional and nuclear warheads. 
Making effective use of its own in-house resources and drawing upon 
the capacity of American industry and private research organizations, 
it achieved remarkable results in a short time. 
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2. Ground Combat and Related Vehicles 


In World War II and the Korean conflict the Ordnance Corps 
designed, procured, and maintained a wide variety of ground combat 
il. and transport vehicles, ranging from bicycles to heavy tanks. One 
_ of the greatest assets of U. S. armored vehicles was their mechanical 
| geliability under the most adverse climatic conditions. Ordnance 
5, | research brought out tougher armor, improved welding techniques, 
and long-lasting rubber-bushed tracks that gave American tankers a 
| decided advantage over their opponents. Throughout the 1950's the 
Ordnance research effort continued to keep in the forefront of develop- 
ment in engines, transmissions, armor protection, and fire control 
with the realization that the armored vehicle may have a key role to 
play in nuclear warfare. 


le 


Ordnance- procured transport vehicles were shipped all over 
NM- | the world after Pearl Harbor and set a high standard of excellence 
wherever they went. In his final report at the end of the war, General 
Marshall praised Ordnance vehicles for having given American troops 
one of their greatest advantages over the enemy, Most widely used 
was the 2 1/2-ton truck, the workhorse of the Army. Most spectacular 
y was the DUKW, the swimming truck that astonished the Germans and 
contributed enormously to the success of our many amphibious land- 
ings, Improvements in truck design during the 1950's increased 

range, simplified maintenance, and added to battlefield mobility. A 
notable example is the so-called "mechanical mule" to aid infantry 
supply over rough terrain. Development of these vehicles has been 

an excellent example of science-industry-Ordnance teamwork, not 

only keeping abreast of trends in other countries, but pioneering new 

Z projects and carrying them through to completion, from drawing 

board to battle front. Through the capabilities of its Human Engineer- 
ing Laboratory at Aberdeen, the Ordnance Corps is able to fit its 

¥ materiel to the men who use it. 


3, Air Defense and Anti-Missile Weapons 


ets During the 1940's, as it became apparent that inthe future 
conventional anti-aircraft (AA) artillery would not be able to cope 
with supersonic jet planes, the Ordnance Corps and its industrial 2 


}y partners developed the NIKE AJAX missile that was capable of knock- 
ing down long-range bombers traveling at speeds up to 1, 000 miles 
per hour and at 60, 000 feet altitude. The NIKE became the world's 
first successful AA guided missile and was soon in position around 


17 


4 


352 BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 


U. S. cities to guard against air attack. Early in 1952 the Ordnance 
Corps began work on an improved version, named NIKE HERCULES, 
with greater range and with a nuclear warhead capable of destroying 
a whole fleet of enemy bombers at altitudes up to 100, 000 feet. 
Defensive AA weapons development thus kept well ahead of the known 
capabilities of enemy aircraft and air-launched missiles. 


Other anti-aircraft weapons still under development include 
REDEYE and MAULER, shoulder-fired weapons for use by ground 
troops against low-flying planes, and HAWK, a low-altitude AA 
missile for destroying fighter-bombers flying at supersonic speeds, 


At every stage in this span of developnent our air defense 
weapons have kept abreast -- or well ahead of -- the known capabili- 
ties of enemy manned aircraft. 


Defense against ballistic missiles has posed more difficult 
problems, but the Ordnance Corps has made notable progress in 
meeting the threat. Its team of research scientists and engineers, 
using a bold and imaginative approach, has pushed forward with all 
possible speed. The work has centered around NIKE ZEUS, an 
advanced project for destruction of ICBM's and other targets. The 
Ordnance Corps' wide variety of technical skills and scientific know- 
ledge has contributed to the solution of radar tracking techniques, 
missile guidance, fuzing, and development of improved propellants 
and rocket motors. 


4, Ammunition 


Ever since the early months of World War II, the Ordnance 
Corps has supplied ground and air forces with top quality ammunition 
in a great variety of types to meet every tactical need. From 1940 to 
1945, Ordnance and its industrial contractors turned out more than 
40 billion rounds of small arms ammunition for rifles, carbines, and 
machine guns. New types, including armor-piercing (AP) and armor- 
piercing incendiary (API) rounds were developed, tested, and manv- 
factured in huge quantities. The air superiority won by the Army Air 
Forces in every theater of World War II was made possible in large 
part by the outstanding aircraft machine gun ammunition supplied by 
Ordnance. The devastating effect of air raids on enemy targets de- 
pended primarily on bombs developed and procured by the Ordnance 
Corps. All ammunition had to be designed, produced, and packed to 
survive long storage under adverse conditions of heat, cold, dust, 
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and moisture, as well as rough handling. 


For the Artillery, Ordnance produced about 60 different types 
and sizes of ammunition, ranging from light mortars to huge long- 
range guns. Special armor piercing rounds were developed and pro- 
duced for tank and anti-tank guns, some utilizing tungsten carbide 
cores. The employment of the shaped charge principle in AP rounds, 
mentioned above, was a major achievement in the race between armor 
and firepower. It is generally agreed that American artillery ammu- 
nition yielded far fewer ''duds'' than did the German or Japanese. In 
Korea, UN forces expended ammunition at a prodigious rate as they 
turned back the Communist hordes with appalling casualties. 


The VT or proximity fuze was a highly successful World War 
Il device developed under Ordnance sponsorship for both field artillery 
and AA artillery. It made American ammunition far more effective 
than the enemy's. It is generally considered to be the first major 
achievement in rugged miniature electronics. This wark created a 
whole new concept in electronics -- true miniaturization, new empha- 
sis ontelemetry, rugged structures and components, and on automatic 
sensing, control and detonating devices. As a result of this work and 
the development of new fuzes for missiles, Ordnance has built up an 
unrivalled capability that has a direct application tothe problems of 
space vehicles. 


5. Special Research 


Ordnance has consistently kept in the forefront of new weapons 
technology. Ordnance scientific and professional personnel have 
investigated in recent years, or are now working on, many advanced 
concepts. Among these are thermal batteries for missiles and fuzes, 
free radicals, solid state physics, miniature electronic computers, 
and exotic high-energy fuels. In cooperation with the Atomic Energy 
Commission, Ordnance Corps has continuously studied the military 
applications of nuclear energy. It has participated in various aspects 
of the International Geophysical Year. Through its Office of Ordnance 
Research on the campus of Duke University, it has placed, on an 
average, 350 research projects annually with universities and other 
research agencies. 


Outstanding Technological Achievements 


Throughout its history the Ordnance Corps has pioneered many 
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technological advances. Its range of activity has been wide, including 
such basic fields as metallurgy, chemistry, physics, ballistics, and 
production techniques. As most conventional weapons are made of 
steel, Ordnance has made outstanding contributions to the techniques 
of steel fabrication and testing. In World War II, it developed new 
types of steel for tank armor, pioneered the use of cast armor for 
combat vehicles, made practical the manufacture of gun tubes by 
centrifugal casting, and produced huge quantities of cartridge cases 
made of steel rather than brass, which was in short supply. In study. 
ing the chemistry of explosives and propellants, it greatly increased 
the range and destructive force of high explosive ammunition and 
aircraft bombs. The process of reverse nitration of TNT, pioneered 
by Ordnance in World War II, not only cut the cost in half but speeded 
production at a time of dire national emergency. 


Its pioneering efforts in introducing statistical quality control 
won widespread recognition in industry and contributed greatly to the 
reliability of every item of Ordnance, from hand grenades to block- 
buster bombs. The supersonic wind tunnel built at Aberdeen Proving 
Ground during World War II was the first of its kind in the United 
States. At the same time, inthe field of electronic computers, Ord- 
nance pioneered with its ENIAC at Aberdeen and thus helped to open 
up a whole new electronic computer industry in this country; and in 
1954 designed and built subminiature predictor-computer that occu- 
pied less than one cubic foot of space, though it contained 301 vacuum 
tubes and many associated circuit components. 


Rocket and missile technology has brought about far-reaching 
changes in traditional concepts of warfare. Of the sixteen major 
rocket and missile systems whose development Ordnance has under- 
taken, only three have been terminated, and in each instance termina- 
tion was dictated by advancements in the state-of-the-art which led to 
more useful systems. The Army has deployed, or has ready for 
deployment, seven of the thirteen remaining systems. 


1. Missile Research and Development (Figs. 6, 7, 8, 9, and 10) 


Outstanding technological achievements in missile research 
and development include: 


a. Development and deployment of the first U. S. ballistic 
missiles (CORPORAL and REDSTONE). 
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Fig. 6. Ordnance-Developed CORPORAL, the First U. S. 
Missile Placed in the Hands of Troops 
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Fig. 7. REDSTONE - the First Large 
U. S. Ballistic Missile 
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Fig. 9. Ordnance-Developed NIKE HERCULES 


: 
| 
: 
je* 
| 
a 
24 
2") 


BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 


Fig. 10. Jupiter Intermediate Range Ballistic Missile 
(The First U. S. IRBM to be fired with complete success) 
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b. Development of the first U. S. inertial guidance system. 


Cc, First long-range firing of a U. S. ballistic missile 
(JUPITER C missile fired 3, 000miles, 20 September 1956). 


d. Development and successful recovery of the ablation-type 
nose cone (first recovery of scale model: 7 August 1957; first re. 
covery of full scale cone: 17 May 1958) (Fig. 1). 


e. First successful firing of a U. S. intermediate range 


ballistic missile (JUPITER missile 1, 31 May 1957). 


f. First successful intercept of an aircraft by a guided 
missile (27 November 195]l). 


g. Development and deployment of the first operational air 
defense guided missile unit (NIKE AJAX, 1953). 


h. Highest intercept of a target (100, 000 ft., 1958). 
i. First intercept of a high altitude, supersonic target. 


j. Development of proximity fuzes for guided missiles, and 
micro-miniaturization of electronic and electro-mechanical devices. 


k. Development of a short pulse radar system that can 
measure altitude and range to an extreme accuracy. Another device 
has been developed to measure rate of descent witha fine velocity- 
measuring accuracy. 


2. Space Research (Figs. 12, 13, and 14) 


In the pursuit of weapons programs, Ordnance skills have 
made major contributions to space research programs of national 
scope. Reliable Ordnance-developed hardware has been applied to 
non-military space programs with phenomenal success. Outstanding 
technological achievements in space research include: 


a. First penetration of outer space on 24 February 1949, 
when a two-stage missile consisting of a German V-2 and a WAC- 
CORPORAL was fired at White Sands Missile Range to an altitude of 
250 miles. | 
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Fig. 11. Nose Cone Recovery - the First Recovery of a 
Full-Scale IRBM Nose Cone, Demonstrated the Army's Solution of 
the Re-Entry Heating Problem 
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Trajectory and Staging of the JUNO II Space Probe 
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b. First successful launching of a U. S. satellite, EXPLORER 
1, launched 31 January 1959. 


c. First successful launching of a U. S. space probe, 
PIONEER IV, launched 3 March 1959, and now in orbit around the sun. 


3, General 


While Ordnance competence in technology is specifically 
demonstrated by the launching of a satellite or lunar probe, these 
achievements are made possible only by the fulfillment of an over-all 
Ordnance mission which these achievements, in themselves, do not 
immediately reflect. 


First of all, Ordnance must be able to predict with reasonable 
accuracy What will be required of it at a given time in the future. It 
must also be able to predict with accuracy the probable capabilities 
of its technology at that same point intime. It must then guide and 
accelerate the advancement of Ordnance technology in the direction 
required to meet the need. 


In each of the component areas which collectively comprise the 
missile field, Ordnance must maintain absolute knowledge of the current 
state-of-the-art. It gains this knowledge from its current development 
programs, and from Ordnance programs of basic and supporting research 
in private institutions, government agencies, and industry. Armed with 
this knowledge, Ordnance can then decide with authority which techniques 
offer the most practical means of fulfilling the requirement for a given 
weapon system, or for the space vehicle of tomorrow. 


Ordnance's integrated research, development, production, and 
support activities give its managerial elements an unrivaled skill in 
technical judgment. This is the unique and proven skill of Ordnance. 


Research and Development Resources 


The research and development skills and facilities of the Ordnance 
Corps have steadily increased in value, keeping pace with demands 
for sophisticated weaponry. Increasing Ordnance activity in missile 
system research and development has produced many specialized 
skills, (See Table 1.) Every major area of Ordnance research 
and development has been influenced by this growth of missile tech- 
nology. Ordnance research also includes work in infra-red techniques, 
electronic digital computers, high energy fuels, preservative and pro- 


tective materials, and adaptation of atomic energy to propulsion. as 
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The Atomic Weapons Laboratories at Picatinny Arsenal operate 

the nerve center forall activities in atomic munitions development 
m4 the Army. Picatinny also operates a wide variety of climatic test 
og ssi including high temperature ovens, altitude chambers, vi- 
cold-rooms, inertial machines, and oscilloscopes. The Packing 
Laboratory at Picatinny is well equipped to develop and test the most 
advanced techniques for assuring that materiel reaches its destination 
in the best possible condition. 


The Ordnance Materiels Research Office at Watertown Arsenal 
studies all types of metals, such as steel, brass, aluminum, and 
© | titanium, that are used in the Army weapons. A nuclear research 
“ | reactor is being installed at Watertown for testing materials. it will 
be in operation by December 1959. 


The Ordnance Tank-Automative Command in Detroit has extensive 
facilities at its disposal for studying the new science of land vehicle move- 
ws mig | ment (terradynamics) and for developing and testing both combat vehicles 
5 + and transport vehicles to meet the special requirements of the Army. 

bal 


The Diamond Ordnance Fuze Laboratory in Washington is one of 
the nation's outstanding research laboratories. It has extensive facilities 
for developing and testing Ordnance electronic systems, and has won 
nation-wide fame for its successful micro-miniaturization program 
and for its adaptation of proximity fuzes to guided missiles. In 1958 
it won the top award in a nation-wide competition for having made the 
greatest advances in miniature electronics. 


In any review of Army capabilities for space exploration special 
mention must be made of the U. S. Army Ordnance Missile Command. 
AOMC is assigned responsibility for the full range of rocket and 
missile management from concept studies to field support of weapons 


Other Ordnance 


uy systems, and is responsible for broadly diverse programs of basic 
24 and applied research which support national military and civilian 
$2 space programs. To meet the requirements of its customers, AOMC 


management brings together the research, development, production, 
and support talents of government, private institutions and American 
industry. The AOMC organization is staffed with members of Army 
Technical Services and the combat arms. AOMC elements include the 
Army Ballistic Missile Agency, the Army Rocket and Guided Missile 
Agency, Redstone Arsenal, and the White Sands Missile Range. 
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The Army Ballistic Missile Agency has responsibility for all 
ballistic missile activity concerning long range rockets. Personne] 
of the Agency numbers approximately 400 military and 5, 000 civilian, 
of whom a high percentage are scientific, technical or professional 
personnel, The largest segment of ABMA is the Development Operatig, 
Division, under the technical direction of Dr. Wernher von Braun, 


The Army Rocket and Guided Missile Agency is responsible for 
development, production and field support of surface-to-surface and 
surface-to-air weapons systems. This Agency employs about 3, 400 
personnel, civilian and military. 


The White Sands Missile Range is charged with the operation of 
an integrated missile range for use by all military services. It 
pursues research and development in electronic applications, and pro. 
vides test and evaluation services for the Army's missile and rocket 
programs. White Sands' personnel totals about 17,000, of whom 
4,200 civilians and 2,500 military are part of the Missile Command, | 


Laboratories operated under the Command include: Missile 
Firing Laboratory at Cape Canaveral, Aeroballistic Laboratory, : 
Guidance and Control Laboratory, Missile Electronics Laboratory, 
Propulsion Laboratory, Rocket Vehicle and Warheads Laboratory, 
and many others. 


OPERATIONAL CAPABILITIES 


Achievements { 


During World War II the Ordnance Corps successfully managed 
a tremendous procurement program totalling approximately $34 
billion for the 1942~45 period. This amounted to about half the entire 
Army procurement. Building upon its long experience as a procurement 
agency, Ordnance utilized its arsenals and district offices to place 
contracts with industry in all sections of the country, and to administer | 
contracts after they were placed. The arsenals served as the "Regular 
Army of Production" to fill the gap before industry could be mobilized 
for quantity production, They also served as reservoirs of technical 
production knowledge accumulated over the years; this knowledge was 
promptly made available to industrial contractors. Ordnance maintained 
excellent relations with industry throughout the war; held prices under 
strict surveillance; kept quality at the highest level; and turned in an 
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outstanding record of safety in its government-owned contractor- 
operated (GOCO) ammunition plants. These GOCO plants represented 
something new in American economic life, a vast government-industry 
partnership to produce munitions of war. They set the pattern for 
much of the missile and space work now being done by outstanding 
industrial firms using government-owned facilities. 


Among the thousands of different items procured by Ordnance 
between 1942 and 1945 were 88,000 tanks, over 3 million transport 
yehicles, over 12 million rifles and carbines, about | billion rounds 
of artillery ammunition, and 40 billion rounds of small arms ammunition 
Spare parts to maintain Ordnance equipment were also procured in 
tremendous quantities throughout World War II. This made it necessary 
for all parts to be properly numbered and identified, and, in most 
instances, packed for overseas shipment to withstand rough handling, 
high humidity, and extremes of heat or cold. Ordnance built storage, 
maintenance, and distribution depots in strategic locations and staffed 
them for quick response to the constantly changing demands of combat 
forces in all parts of the world. Ordnance depots varied in size from 
the 103-acre Augusta Arsenal in Georgia to the 32,000-acre Sierra 
Ordnance Depot in California. 


The process was repeated during the Korean conflict, though 
ona smaller scale. Utilizing its existing framework of procurement 
districts, Ordnance built up its prccurement from a low of $500, 000, 000 
in FY 1950 to a peak of $11, 600,000,000 in FY 1952. During this period 
Ordnance created a production base capable of supplying the current 
needs of the Army and of supplying vastly increased forces if that had 
proved necessary. By June 1953 Ordnance had approximately 41 million 
square feet of warehouse storage space, with 75 percent occupied, plus 
50 million square feet of occupied open storage space. The network of 
Ordnance storage and distribution depots, stock control points and 
maintenance shops was manned by some 75,000 personnel. Resources 
already available in the Pacific area were collected, repaired, or 
rebuilt as necessary, and quickly forwarded to Korea. The Ordnance 
Field Service Organization shipped munitions of all types to Japan and 
Korea as fast as ocean transport could be provided. Ordnance-trained 
technicians provided the maintenance and distribution services needed 
by troops overseas. 
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Skills and Facilities 


1. Training Programs 


The impact of modern technology on warfare has required 
the maintenance of extensive training programs within the Ordnance 
Corps. Since World War II the Ordnance Training Command at Aberdeg, 
Proving Ground has provided centralized control of the entire program, 
covering the training of officers, enlisted men, and civilians in con- 
ventional weaponry, in automotive maintenance, and in related subjects 
such as packaging of materiel. After 1950 the Ordnance Guided Missile 
School at Redstone Arsenal steadily rose in importance, training both 
officers and enlisted men in the intricacies of modern missilery, 
During FY 1958 its total input of trainees was 4, 792, with about the sam 
total for FY 1959. These figures include the training of military 
and civilian personnel from 12 MAP countries. At Aberdeen, Redstone, 
and elsewhere, buildings are available, experienced instructors are 
on hand, and well-thought-out courses of instruction are being given. 


2. Procurement Districts 


The Ordnance System of procurement districts covers all 
major industrial areas of the nation from Boston to San Francisco, 
It has been in existence since 1918, is staffed with experienced pro- 
curement specialists, and has served efficiently in both peace and 
war. The Ordnance districts cover the whole range of procurement 
activities from invitations to bid to final acceptance inspection of the 
finished product. As of 31 March 1959, the dollar value of all 
contracts under administration by the districts was $12, 021, 234, 000; 
and total personnel strength was 6, 738. 


3. Depots 


The Ordnance Corps maintains in war and peace a nation-wide 
network of depots for storage, distribution, maintenance, and re- 
building of all types of Ordnance materiel. The 21 strategically located 
depots have a total personnel strength of about 40, 000. 


4. Arsenals 


Ordnance engineering centers constitute a very substantial 
operational resource in the form of facilities and manpower for research, 
industrial engineering, and pilot line production. Their total value has 
been estimated at over $1,000,000, 000. 
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CHAPTER III: CORPS OF ENGINEERS 


ROLE OF THE CORPS OF ENGINEERS 


The Corps of Engineers plans, directs and supervises an engineer- 
ing, construction and real estate service for the Army and the Air Force 
(including military engineering support), and for other government 
agencies as assigned; plans, directs and exercises technical staff super- 
yision over the maintenance and repair of real property and operation 
of utilities, plants and systems at Army installations; develops, pro- 
yides, and services the engineer materiel required by the Army, and 
as assigned, for the Navy and Air Force, and for foreign aid programs; 
provides and directs Army mapping services; and, under the functional 
supervision of the Assistant Secretary of the Army (Civil- Military 
Affairs), administers all matters relating to comstruction, operation, 
and maintenance necessary for the improvement of rivers, harbors, 
and waterways for navigation, flood control, and related purposes, 
including shore protection projects, and administers the laws for the 
protection and preservation of the navigable waters of the United States. 


Recent Projects Related to Missile and Space Field 


The Corps of Engineers has an important role in current guided 
missile and space programs. 


Of great importance at the present time is the Military Construction 
Program, Through its eleven Engineer Divisions, the Corpsis currently 
constructing missile bases and launching sites wherever the require- 
ment exists. 


The Corps of Engineers Army Map Service is currently working on 
a project relative to the construction of a lunar map, utilizing astro- 
nomic photography. 


The Corps of Engineers-AEC Army Nuclear Power Program is 
working on the development of small compact reactors. Several con- 
tracts for the study of conceptual design are underway, with the objec- 
tive of selecting the system promising the lowest weight. 


In addition, the Corps of Engineers is currently conducting certain 
important research and development and procurement projects. These 
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projects, for the most part, are concentrated at the Corps' Research 


and Development Laboratories at Fort Belvoir, Virginia. They include. 


1, Power packs, compressors, generators, shelters, air cop. 


ditioners, propellant generators, and handling and ground equipment 
items for REDSTONE, JUPITER, and PERSHING missile systems, 


2. Air conditioning, generators, and special structures for 
surface-to-air and LACROSSE systems. 


Projection of Activities Related to Missile and Space Field 


It is anticipated that many projects related to missiles and space 
will be undertaken by the Corps of Engineers in the future. The less 
complex of these activities can be undertaken with essentially no ex- 
pansion of present facilities. 


Military construction of missile bases, launching sites and other 
special facilities will continue whenever the requirement arises, 


The Army Map Service will continue its earth and lunar mapping 
programs. The program can well expand to planetary mapping. 


The Army Nuciear Power Program will continue its important, 
high-priority work on the development of compact, high efficiency, 
closed circuit, low maintenance nuclear power plants. 


The Corps of Engineers has established a Missiles and Space 
Office as a special segment of its Engineer Research and Development 
Laboratories to achieve an even greater degree of technical direction 


and coordination of its missile and space engineering research activities 


and to increase the already effective technical relationships with the 
other Army Technical Services and other military and non-military 
government agencies, 


The Corps of Engineers has prepared a preliminary design of an 


extraterrestrial logistics and operations simulator. A proposal for the 


construction of the facility is now in preparation. The facility, to be 
utilized by the Army Technical Services, would provide simulated 

extraterrestrial environments in which hardware and operations could 
be tested in "dry runs." 
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In addition to major programs, many sub-projects will be under- 
taken for research and development of methods, techniques and hard- 
ware in the fields of welding, pneumatic equipment, drive mechanisms, 
meters, pressure gauges, applications of ultrasonics to manufacturing, 
hydraulic systems, water supply, atmosphere monitoring and control, 


and numerous others. 


RESEARCH AND DEVELOPMENT CAPABILITIES 


Achievements 


There are numerous outstanding examples of the Research and 
Development capabilities of the Corps of Engineers. Its research and 
development mission during the last two decades has been directed 
towards the providing of, and the servicing of certain material required 
by the Army. In recent years the program has been geared more 
specifically to the development of improved methods and equipment 
necessary to support the new mobile Army, the guided missile program 
and cold climate operations. 


The Corps has a long record of major accomplishments that have 
resulted from its research and development effort. These accomplish- 
ments are summarized below according to field of endeavor: 


1, Bridging and Stream Crossing 


Developed unusual and specialized bridges to facilitate dry 
and wet gap crossing Operations, including unique designs, and the 
application of unusual materials. 


2. Buildings 


Developed buildings for barracks, hospitals, warehouses, 
shops, prefabricated hangars, and special purpose structures, with 
emphasis on minimized number of basic structural components. Pro- 
vided packaged utilities, including heating and air conditioning. Also 
developed special purpose vans. 


3. Construction and Maintenance Equipment 


Developed construction and maintenance equipment making 
maximum use of commercial items; such equipment including tractors, 
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earth hauling vehicles, paving equipment, graders, crane shovels, I 
mobile sawmills, snow and ice processing equipment, air compressor, 
and tools, and mobile shops. 


4. Cover and Concealment 
Developed improved methods of cover and concealment, 
5. Electrical Equipment 


Developed an integrated family of gasoline and diesel engine. 
driven electric generator sets to fulfill all military requirements ingly; 
communications. Also developed illumination devices for night opera. 
tions, and devices for navigation in terrain not having distinguishing 
features, such as the Arctic. 


6. Fire Fighting 


Developed equipment, agents, and techniques for suppres. | 
sing, extinguishing, or controlling fires caused by rocket propellants, 
and fires in liquid fuels storage and distribution systems, and vehicle 
and aircraft crashes. 


7. Industrial Engines 


Developed industrial engines that have the maximum number 
of standardized parts and that provide reliable long life operation under 
adverse field conditions using standard military fuels and lubricants, 


8. Industrial Gases and Equipment 


Developed mobile gas generating equipment which utilizes 
raw materials such as fuel oil and gasoline to support the Army guided 
missile requirements for oxygen, high pressure nitrogen, and air, 


9. Infrared 


Developed equipment utilizing infrared and ultraviolet 
radiation and light intensification techniques for increased efficiency 
and security of night combat and support operations. Developed compo- 
nents for incorporation in weapons homing on targets. 
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10. Liquid Fuels Distribution 


Developed a military fuels distribution system including 
atorag® facilities, pumping equipment, pipeline components, and 
distribution facilities. 


1l. Mapping and Geodesy 


Developed new equipment and techniques permitting faster 
and more accurate topographic mapping under adverse conditions of 
weather and accessibility of terrain. Developed improved equipment 
and techniques for surveying, map compilation, and map reproduction. 
Developed new principles of obtaining and presenting terrain data to 
meet the requirements of the most advanced military concepts. 


12. Materials 7 
Developed long-life cotton sandbags, fungus resistant 6 
paint, high temperature resistant paint, and methods for producing 
large crystals for gamma ray measurement, 
13. Mine Warfare and Demolitions 
Developed mine planting equipment capable of rapidly 
arming and planting anti-tank land mines. Developed portable and 
vehicular mounted land mine detectors. Developed equipment for 
removing, destroying, or inactivating, buried mines and explosives. 


14, Nuclear Power 


Developed the Army Package Power Reactor and the 
Argonne Low Power Reactor. 


15, Processing and Packing 


Developed effective and economical packaging for material 
to insure its suitability for transportation, handling, and field storage. 


16. Snow, Ice, and Frozen Ground 
Conducted major research in the problems of establishing 


and maintaining a military installation in Arctic-type areas of the 
earth's surface. 
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17. Special Weapons Effects 


Conducted important studies on the effect of ABCR war. 
fare on Corps of Engineer operations. 


18. Water Supply and Sanitation 


Developed a new approach to field water purification and 
applied it to a family of compact and semi-automatic water purification 
sets capable of supporting a mobile combat force in an atomic war, 
Developed, in association with the Medical Service and the Army 
Chemical Corps, procedures and equipment for the removal, and/or 
inactivation of biological and toxic warfare agents from drinking water, 
Developed, with the support of industry, the equipment required for 
effective desalting of sea water and meeting the requirements of both 
the Army and the Air Force. Developed new and effective insect and 
rodent control equipment to insure health, safety, and comfort in the 
field. | 


Corps of Engineers exist for the purpose of assisting all elements of 
the Corps in carrying out their many and varied technical responsi- 
bilities. The facilities are also available to other Department of 
Defense agencies who have a research and development requirement 
beyond their normal capacity. 


The investigational, research, and development facilities of the | 


The principal agencies for performing research and development 
within the Corps are: 


1, U.S. Army Engineer Research and Development Laboratories 
(USAERDL) 


2. U.S. Army Engineer Waterways Experiment Station (WES) 
3. Army Nuclear Power Program (ANPP) 

4. Snow, Ice and Permafrost Research Establishment (SIPRE) 
5. Arctic Construction and Frost Effects Laboratory (ACFEL) 
6. Rigid Pavements Laboratory, Ohio River Division (ORDL) 


Marine Division, Philadelphia District. 
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A brief description of each of these research and development 
agencies follows: 


1, USAERDL 
As presently organized, the U.S. Army Engineer Research 
and Development Laboratories are the principal field agency of the 
ind Corps of Engineers devoted to the development of improved methods 
tion and equipment necessary to support the new mobile Army, the new 
Pentomic Airborne Division, the missile and space program, and cold 
climate operations. The Laboratories, under the direction of the Chief 
ir of Engineers, undertake technical projects approved by the Corps of 
ter. Engineers Technical Committee. 
th The USAERDL are situated on a 240 acre tract of land bor- 
id dering the Patomac River at the Engineer Center and Fort Belvoir. 
ee The Laboratories are staffed in most key positions with U.S. Army 
| Engineer officers or civilians, The Laboratories employ approximately 
1,300 civilian engineers, scientists, and technicians. In addition, 
, enlisted men, including many in the scientific-professional category, 
f | are used at operational levels. These technical people represent 


numerous fields, including chemical, civil, mechanical, electrical 
and sanitary engineering, and chemistry, biology, physics, and 
mathematics. 


USAERDL Structure - The USAERDL are divided into six 
nt departments: 


' The Civil Engineering Department is responsible for petro- 
2S _leum equipment, storage, and distribution; bridging and allied struc- 
tures; marine equipment of concern to the Corps; prefabricated buildings; 
| fire suppression equipment; and heating and air conditioning equipment. 


The Military Engineering Department is responsible for mine 
warfare and barriers; demolitions and fortifications; camouflage; 
, insect and rodent control equipment; water supply equipment; waste 


disposal equipment; and applications of chemical, biological, and 
radiological warfare to the Corps. 


The Electrical Engineering Department is responsible for 
mine detection equipment; electrical power equipment; infrared devices, 


searchlights; and land navigation equipment. 
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The Mechanical Engineering Department is responsible for 
heavy duty earth moving, clearing, handling, surface, and quarrying 
equipment; gas generating equipment, and mobile shops. 


The Topographic Engineering Department is responsible for 
map reproduction equipment and map compilation equipment; aerial 
photographic equipment; surveying equipment; and geodesy equipment, 


The Technical Service Department is responsible for develop. 
ing new and improved materials for specific uses, including alloys, 
plastics, and rubbers. The Technical Service Department also support 
the line departments administratively. 


Two groups of considerable importance which are attached to 
USAERDL for services and support are the Nuclear Power Field Office 
and the Counter Measure Research Laboratory. The Nuclear Power 
Field Office operates the Army Package Power Reactor-l. 


Field Testing - The USAERDL are equipped to handle limited 
field testing on their own 240-acre grounds. For more extensive field 
testing, the Laboratories have access to the Engineer Center and Fort 
Belvoir, itself. The Laboratories also maintain an 820-acre area 
known as the Engineer Proving Ground (EPG), located nearby, which 
is ideally suited for testing many types of engineer equipment, demoli- 
tions, fire extinguishing equipment, searchlights, and night-viewing 
devices. The Laboratories also have access to test facilities at Camp 
A.P. Hill, Virginia; Yuma, Arizona; Fort Clayton, Panama; Fort 
Churchill, Canada; Thule, Greenland; and Big Delta, Alaska. 


Fields of Endeavor - The USAERDL carry out their mission 
by conducting research and development in 24 fields of endeavor: 


(1) Bridging and Stream Crossing 

(2) Buildings and Utilities 

(3) Firefighting 

(4) Petroleum Storage and Distribution Equipment 
(5) Land Navigation 


(6) Electrical Power 
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(7) Infrared Research 

(8) Night Vision 

(9) Mine Warfare Research 

(10) Mine Warfare 

(11) Fortifications, Obstacles, and Demolitions 
(12) Concealment and Deception 

(13) Nuclear Weapons Effects 

(14) Water Supply and Sanitation 

(15) Construction and Maintenance Equipment 
(16) Industrial Engines 

(17) Liquid and Compressed Gases 

(18) Surveying and Geodesy 

(19) Map Compilation 

(20) Map Reproduction 

(21) Mapping and Geodetic Research 

(22) Combat Mapping and Geodetic Systems 
(23) Materials Research 


(24) Cold Regions Research 
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Any intensive national space program could profitably utilize 


toa greater or lesser degree almost all of the R&D resources listed 
above. In addition to the basic fields of endeavor noted, certain 
specialized services are available at USAERDL, the three most 
important of which are: 


(1) Data Processing and Statistical Services. This includes 
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a computer center with analog and digital computers, capable of 
handling a large volume of complex mathematical problems, 


(2) High Vacuum Coating Facility. Used for applying speciaj 
coatings to objects and equipment. Already used for coating satellites 
in the present earth satellite program. 


(3) Climatic Research and Test Facility. Used for testing 
full-size equipment under extreme climatic conditions, Items ag large 
as 2-1/2 - ton truck may be exposed to temperatures as low as -85°F 
and as high as 160°F. Vacuum pumps are available to provide for simu. 
lation of low pressure atmospheres such as are encountered in moun. 
tainous areas up to 35,000 feet, 


An important laboratory facility worthy of special note is the 
compressed gas laboratory. This laboratory, with adjacent concrete 
testing pads, is used in the development, test, and evaluation of field 
equipment for generating and handling liquid oxygen for guided 
missiles; gaseous oxygen for medical, high altitude and welding pur- 
poses; carbon-dioxide for fire fighting; nitrous-oxide for medical use; 
acetylene for welding; hydrogen for weather and observation balloons; 
and high pressure air for missile support and other uses. The facility 
includes a system for the performance-testing of equipment used in 
the fueling of missiles and for supporting advanced research in the 
field of cryogenics,. 


Figures 15 through 20 illustrate some representative USAERDL 
developments and facilities. 


2. WES 


The Waterways Experiment Station is the principal facility’of 
the Corps for research and engineering investigations in the scientific 
fields of hydraulics, concrete, soil mechanics, ground mobility, and 
flexible pavement design. Through basic and applied research, the 
development of methods and techniques, and the testing of materials 
and equipment, it assists in the accomplishment of both the civil works 
and military missions of the Corps of Engineers. In addition to its own 
program, WES has technical supervision over all other hydraulic model 
investigations performed for the Corps, and over such soils and con- 
crete investigations as may be directed by the Chief of Engineers, 


Structure - The WES Hydraulic Division, Soils Division, and 
Concrete Division are responsible for accomplishment of the over-all 
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17. USAERDL Climatic Test Chamber 


Fig. 
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Fig. 18. USAERDL Test Installation for Performance Test 


of Equipment Used in Fueling Missiles 
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Engineer Armored Vehicle Launched Bridge 


Fig. 20. 
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mission. Along with the Technical Services Division and the Con- 
struction Services Division, WES occupies two reservations containing 
puildings, test sites, specialized equipment, and other plant facilities 
necessary to its work, The Vicksburg reservation has an area of 

about 400 acres, and includes the main administrative headquarters. 
The Jackson reservation has an area of about 820 acres and is the site 
of the Concrete Division and a 220-acre model of the Mississippi River 
Basin. The WES technical staff normally consists of about 690 employees, 
of whom about 150 are professional engineers and scientists. 


Figure 21 is an aerial view of the Waterways Experiment 
Station. 


Figure 22 shows a radio-controlled tugboat in a river navi- 
gation study. 


3, ANPP 


The Army has been designated the cognizant agency for the 
Department of Defense for the development of nuclear power plants to 
produce heat and electricity. The Army responsibilities have been 
further assigned to the Chief of Engineers, who conducts a joint pro- 
gram with the Atomic Energy Commission. By law and established 
policies and precedent, the AEC is responsible for reactor development 
through the construction of prototypes in response to stated require- 
ments of the Department of Defense. 


The Army Nuclear Power Program includes both the Office, 
Assistant Director (Army Reactors), Division of Reactor Development, 
USAEC; and the Nuclear Power Division, Office of the Chief of 
Engineers, This organization develops the nuclear power plants re- 
quired by the military services, using both AEC and military funds. 
Funding for field plants is provided by the using service, 


The Army Nuclear Power Program has as its present objec- 
tives the following: 


(1) To develop a family of stationary, portable, and mobile 
nuclear power plants in the electrical power range for all three military 


services, 


(2) To assist the military services in the application of 
nuclear power plants to field uses. 
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(3) To train operating crews. 


The ANPP has access to two major field facilities for the 
implementation of its assigned objectives. The Nuclear Power Field 
Office (NPFO) is located at Fort Belvoir. The Army Reactors Experi. 
mental Area is at Arco, Idaho. 


Several field nuclear plants are under construction, 


4. SIPRE 
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The Snow, Ice, and Permafrost Research Establishment 
(SIPRE) conducts basic and applied research in the fields of snow, ice, 
and frozen ground. The results are used in the development of improve i 
military operational capabilities in cold and sub-arctic regions. The 
SIPRE carries out its basic mission through five main branches devoted 
to scientific research, and four other branches which provide services 
and support to the main branches. Its installations are located in 
Illinois, Michigan, Alaska, Greenland, Arctic, Antarctic, and Canada, 
Its specialists, totaling some 102, include crystal physicists, crystal. 
lographers, cryophysicists, geologists, glaciologists, glacial geologists, I 
soils engineers, structural engineers, meteorologists, physical chemists, ( 
engineering geologists, mathematicians, instrumentation physicists, , 


and geo-physicists. The operating and support branches are as follows: 
basic research, applied research, climatic and environmental research, 
technical equipment, photographic interpretation research, administra- i 
tive, coordination and publications, field supply, property, and 
Keweenaw Field Station, 


5. ACFEL 


The Arctic Construction and Frost Effects Laboratory has the 
assigned mission of carrying out investigations to develop and improve 
engineering criteria for military construction in areas of both seasonal 
freezing and permafrost. 


ACFEL plans for and conducts frost and permafrost investi- 
gations in the laboratory and in the field. The laboratory develops and 
establishes design and evaluation criteria for pavements placed on 
soils subject to seasonal frost action; investigates by means of cold 
room experiments the relative effects of the variables that effect ice 
segregation in soils; studies the strength and bearing capacity of soils 
subject to freezing with the objective of establishing and improving 
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design criteria for structure foundations and utilities in northern areas; 
by theoretical and experimental approaches, develops methods of 

analysis for determining freeze and thaw penetration in soils; and carries 
out numerous other allied investigations. 


The ACFEL is located at Waltham, Mass., under the direction 
of the Corps of Engineers New England Division, The total number of 
employees at ACFEL is 45, of which 15 are in the professional categories 
of soil mechanics engineers, civil engineers, general engineers, geolo- 
gists, and engineering aides and draftsmen, 


In addition to the head office, ACFEL maintains three field 
test sites: Frost Test Area at Limestone, Maine, for seasonal frost 
studies; Permafrost Research Area at Fairbanks, Alaska, for perma- 
frost investigations; and Greenland Investigational Area for cold climate 


testing. 
6, Rigid Pavements Laboratory, Ohio River Division 


The Rigid Pavement Laboratory is responsible for the develop- 
ment and continued improvement of design, evaluation, and construction 
criteria for rigid, rigid overlay, non-rigid (flexible) overlay, reinforced 
and pre-stressed airfield pavements. In addition, the laboratory sup- 
ports the U.S. Army Ordnance Missile Command and other agencies in 
the field of blast deflection and refractory materials for blast resistant 
application. The Rigid Pavement Laboratory is the principal research 
arm of the Ohio River Division Laboratories of the Corps of Engineers, 
located at Cincinnati, Ohio. The Division Laboratories have a total 
complement of 95 people including civil, mechanical, materials, and 
electronic engineers; geologists; mathematicians; and chemists; many 
of whom are used in the Rigid Pavement Laboratory program. The 
Laboratory is supported by an accelerated traffic test track located 
at Sharonville, Ohio. Thermal effects studies are made at a remote 
location outside the City of Cincinnati where no difficulty is experienced 
with the high frequency noise generated by the liquid fueled rocket 
engine used to study the effects of exhaust gas velocities up to Mach 
4,5 and temperatures up to 2800°F, Supersonic blast problems are 
studied with a Schlieren optical high-speed motion picture system. 


7, Marine Division - Philadelphia District 


The Marine Division, Philadelphia District, is responsible for 
the design and development of specialized floating plants. The Division 
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is located at Philadelphia, Pennsylvania. Among the items under design * 
are new and improved dredges, surveyboats, launches, barges, and 
floating power plants. The office is staffed by general engineers, 
mechanical engineers, electrical engineers, naval architects, and 
draftsmen. 


In addition to the seven principal agencies for performing 
research and development activities within the Corps of Engineers, 
certain division and other laboratories are available. These exist 
primarily for testing purposes and have the ability to handle limited. 
scope research and development projects. They are fourteen in number, 
and are located in various parts of the U.S. 


Of the seven major research and development establishments 
of the Corps of Engineers, by far the greatest concentration of person. | ; 
nel and funds are in USAERDL, WES, ANPP, and SIPRE. Personne] f 
and fiscal data for these four establishments are summarized in 
Tables 2 through 5, 


Table 2 
PERSONNEL AND FISCAL DATA 
U. S. ARMY ENGINEER AND DEVELOPMENT LABORATORIES P 
As of As of As of As of | 
ITEM 30 June 1955 30 June 1957 30 June 1959 30 June 1960 J 
(est) (est) 
“Technical Per Lyi 515 454 500 
2. Supporting Personnel 1042 1075 888 953 
3. Total Personnel (1 plus 2) 1562 1590 1342 1453 
4. Estimated Book Value $43, 700, 000 $44, 314, 000 $41, 813, 000 $41, 519, 000 
j L 
Table 3 ’ 


PERSONNEL AND FISCAL DATA 
U. S. ARMY ENGINEER WATERWAYS EXPERIMENT STATION 


As of As of As of As of 
ITEM 30 June 1955 30 June 1957 30 June 1959 | 30 June 1960 
(est) (est) 
1. Technical Per 1 136 159 150 160 
2. Supporting Personnel 566 599 539 530 deve 
3. Total Personnel (1 plus 2) 702 758 689 690 | Tab 
4, Estimated Book Value $5, 630,000 
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Table 4 
gn? PERSONNEL AND FISCAL DATA 
ARMY NUCLEAR POWER PROGRAM (ANPP) 
jan “ As of As of As of As of 
ITEM 30 June 1955 | 30 June 1957 | 30 June 1959 |30 June 1960 
(est) (est) 

1, Technical Personnel 21 95 204 288 

2, Supporting Personnel 5 9 21 25 

3, Total Personnel (1 plus 2) 26 104 225 313 

er 4, Estimated Book Value 0 $5, 200, 000* | $13, 300, 000% $24, 000, 000* 
*Includes AEC financing per AEC-DOD agreements 
Table 5 
PERSONNEL AND FISCAL DATA 
SNOW, ICE AND PERMAFROST RESEARCH ESTABLISHMENT (SIPRE) 
As of As of As of As of 
’ ITEM 30 June 1955 | 30 June 1957 | 30 June 1959 30 June 1960 
(est) (est) 

| 1, Technical Personnel 24 a4 45 47 
| 2. Supporting Personnel 35 59 57 62 

3. Total Personnel (1 plus 2) 59 103 102 109 

4, Estimated Book Value $250, 000 $1,375, 000 $3, 200, 000 $3, 600, 000 


Out-of-House Support 


The out-of-house support data for the four major research and 


development agencies of the Corps of Engineers are summarized in 
Table 6, 
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i OPERATIONAL CAPABILITIES 


Achievements 


Construction - The Corps of Engineers' accomplishments in the 
field of military construction have been tremendous through the years 
and reached unheard of peaks during mid-1943 in World War II. Except 
for a brief lull directly after World War II, the military construction 
workload has continued to grow and the geographical territory covered 
is currently world-wide. During the period 1 July 1950 to 30 June 1959, 
the total value of work completed was $13-1/2 billion, which included 
$12 billion under the direct responsibility of the Chief of Engineers, 
and $1-1/2 billion under the responsibility of the Commanding General 
of the U.S. Army, Europe (Figure 23), At present, the Corps of 
Engineers is placing work at the rate of about $2-1/4 billion a year, 
Construction accomplished has been under widely varying geographical 
and environmental conditions, In Saudi Arabia and North Africa, entire 
large air bases were built in hot areas where temperatures sometimes 
exceeded 120°F, In Greenland and Alaska, where temperatures of 
minus 60°F are not uncommon, facilities were built on ground per- 
manently frozen. The conditions in these and other scattered areas 
around the world presented many unusual and previously unsolved 
engineering and construction problerns. These problems were success- 
fully overcome. 


In the realm of anti-aircraft missile sites, the Corps of Engineers 
has made outstanding contributions, The Corps has completed construc- 
tion of sites for about 80 battalions of NIKE-AJAX missiles. Individual 
batteries cost approximately $1 million, and were generally built in 
ten to twelve months. 


At Cape Canaveral the current estimate of the value of work per- 
formed by the Corps is $150 million, This work was designed by 
various architect-engineers under contract to the Jacksonville District, 

which also supervised construction, Facilities included launching sites 

for ICBM, IRBM, and other ballistic and aerodynamic missiles. The 

sites included launch stands, blockhouses, service towers, high pres- 

sure fuel storage and dispensing facilities, electronic guidance and 

tracking installations, missile assembly buildings, laboratories, ad- 

ministration buildings and other support facilities such as housing, 
messing and community buildings. 


InGreenland, Thule Air Force Base was constructed at a cost of 


63 


| 
| 
=" 
Calg 
~ 
d 
‘Sie 
| 
| 


433 ass Stas EBS BS se 


BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 


suv710a 410 SNOINTINW 
NONTRUSNOP AYVUTIW SYITNIONI 10 


398 
64 


‘ 

— 

| 

$ 

3 

| 

j 

" 

é 

f 

at 

= 

| 


Fig. 23. Corps of Engineers Military Construction Prograrm 


BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 399 


about $225 million, under severe arctic conditions. To provide the 
anti-aircraft defense of this base, NIKE HERCULES facilities were 
constructed at a cost of $42 million additional. 


Army Map Service - The Army Map Service has a long record of 
noteworthy accomplishments. Among these should be listed the inter- 
national unification of various triangulation systems in Europe, the 
adoption and reduction to practice of the Universal Transverse Mercator 
Grid, completion of the 30th meridian arc to give an unbroken geodetic 
tie from Finland to South Africa and development of the AMS (Hough) 
Spheroid, mass reduction of lower order control by electronic com- 
puters for trig lists, and the application of gravity anomalies for the 
computation of deflection of the vertical. Also, the AMS pioneered in 
devising means of adjusting photogrammetric stereotriangulation data 
and adopting these for large-scale electronic computers, advancement 
of cartographic scribing or engraving techniques, mass production of 
plastic relief maps, and brought about technical revolution in materials, 
techniques, and equipment in the field of Graphic Arts. 


As early as 1948, the Army Map Service recognized the importance 
of satellites to accurately determine intercontinental distances through 
observation of the earth's natural satellite, the moon, and by using the 
stars as a reference medium (occultation), In the pre-satellite era, 
the Army's survey and geodesy mission was carried out primarily by 
ground methods. The classical methods, however, became increas- 
ingly supplemented by Geodimeter and Tullurometer distance measure- 
ments, flare triangulation, star occultation, HIRAN trilateration, and 
airborne profile recorder techniques. In anticipation of the setting up 
of an artificial satellite, the AMS, in 1955, forwarded to the National 
Academy of Sciences its geodetic requirements and requested that they 
be fulfilled. These requirements concerned the determination of the 
size and shape of the earth, intercontinental distances, inter-island 
connections, and the gravitational field of the earth, 


Manhattan District - On 19 June 1942, Col J, C, Marshall, Corps 
of Engineers, was instructed by the Chief of Engineers to form a new 
district in the Corps to carry out special work directed toward the 
development of an atomic bomb. The project, for security reasons, 
was labeled the "DSM" project. Three months later, Brig Gen L, R. 
Groves of the Corps of Engineers was placed in complete charge of all 
Army activities relating to this project, with the major responsibility 
of coordinating the whole effort and keeping it directed toward the 
military objective. 
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The Manhattan District assigned to industry the overall construc. 
tion and engineering contracts for the production of plutonium, uranium, 
graphite, and other necessary materials. By the end of 1942, the pro- 
curement of these materials in sufficient purity no longer caused any 
delays in the project. 


The Corps of Engineers was responsible for the construction of 
both the Clinton Works and the Hanford Works. The purpose of the 
Clinton Works was to produce some plutonium and to serve as a pilot 
plant for chemical studies. The problem of full-scale plutonium pro. 
duction was assigned to Hanford. The magnitude of the problems 
involved can be evaluated by reference to the fact that at the peak of 
construction the Hanford Construction Camp was a city of 60, 000 
inhabitants spread over an area of nearly 1,000 square miles of land 
that had been barren hills and plains, 


In the spring of 1943, under the direction of General Groves, a 
laboratory was established at Los Alamos for the purpose of investi- 
gating the design and construction of the atomic bomb, The solution of 
the tremendous problems involved in setting up this laboratory on an 
isolated mesa in New Mexico, and the assembly of the necessary 
apparatus, machines, and equipment, is a tribute to the efforts of the 
Army engineers and the civilian scientific personnel involved. Here 
were designed and constructed the operable atomic bombs which opened 
the Atomic Age. 


Skills and Facilities 


Construction - The Corps of Engineers is the largest single con- 
struction agency in the world. The Chief of Engineers directs this con- 
struction through an organization headed by the Assistant Chief of 
Engineers for Military Construction, In Washington, the Military Con- 
struction staff consists of some 350 officers and civilians. This staff 
administers, supervises, and furnishes technical advice on unusual 
problems to the field supervisory organization which consists of 
engineer divisions and districts. 


There are nine Engineer Divisions in the U.S., each responsible 
for construction within an assigned geographical area. Each division 
is divided into from three to six districts which are the basic operating 
organizations. Also, there are two Engineer Divisions located outside 
the U.S., each with three districts. These are the Pacific Ocean 
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Division, with responsibility for construction in Japan, Korea, Okinawa, 
Taiwan, Hawaii, Johnston Island, and Kwajalein; and the Mediterranean 
Division, with responsi bility for construction in Italy, Greece, Turkey, 
North Africa and the Middle East. Also, there are three districts 
operating under continental U.S. divisions that handle overseas con- 
struction, These are the Eastern Ocean District with responsibility 

for construction in Greenland, Iceland, Labrador, Newfoundland, Baffin 
Island, and the Azores; the Alaska District for construction in Alaska; 
and the Jacksonville District for construction in the Antilles, Bermuda, 
Panama, and South America. 


One significant feature of the organization in the United States is 
that each division and district also works on such programs as the 
construction of flood control and power dams, navigation locks and 
control structures on rivers, and work for the improvement of harbors. 
A force of some 15,000 officers and civilians is performing the military 
construction functions. This force is complemented by approximately 
27,500 officers and civilians performing civil works, This civil works 
function has in the past lent strength and flexibility to the Corps of 
Engineers. In time of peace the civil works program has insured the 
maintenance of a highly qualified engineering organization capable of 
rapid expansion to handle military works in time of emergency. 


Another significant feature of the Military Construction organization 
is its flexibility. Districts vary a great deal in size and area of responsi- 
bility, depending upon the workload, New districts are established as 
the need arises (most recently in the Far East and Honolulu Districts), 
and districts are inactivated when work is completed. For example, 
the Middle East and Morocco Districts have been phased out within the 
past six months. When new work is assigned to the Chief of Engineers 
anywhere in the world, immediate evaluation is made of the desirability 
of handling the work through an existing district or by establishing a 
new district. The highly qualified staff of engineers, administrators, 
and technicians has repeatedly been shifted rapidly throughout the world 
to meet the requirements of a changing workload, 


The Chief of Engineers, through his Military Construction organiza- 
tion, performs work for a variety of using agencies. In general, all 
construction for the Army is performed by the Corps, except for minor 
amounts in some overseas areas where another Department of Defense 
agency, such as the Navy or Air Force, has been designated the con- 
structing agency. The Corps is also now performing about eight percent 
of Air Force construction, all Army Reserve and most Air National 


67 


: 
Ww 
im, 
| 
in 
of 
8 
e 
On- 
on- 
in 
| 


402 BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 


Guard construction, and small amounts for the Navy and Coast Guard, 
Work funded under the Military Assistance Program is being pe rforme; 
in Korea, Pakistan, and Iran, and some projects for the Advanced 
Research Projects Agency and the National Space and Aeronautics 
Administration are underway. In fact, the Corps of Engineers is 
capable of performing work for any Government agency, anywhere in 
the world. 


A summary of personnel and fiscal data for the Military Constryg. 
tion- Civil Works Program is as follows: 


Estimated Book Value of Facilities $140, 000, 000 
Number of Employees 42,500 
Out-of -House Contracts $2-1/4 billion/year 
Operating Budget $215, 000, 000/year 


Army Map Service - AMS' operational mission is to collect and 
reduce geodetic control, to accomplish topographic mapping on a worli. 
wide basis, to maintain and operate a topographic map library for the 
Department of Defense, and to produce Engineer intelligence, 


AMS carries out its mission primarily through an executive office, 
administrative support elements, special staff elements, advisory and 
administrative staffs, two technical staffs, six production departments, 
and four field offices. 


The AMS employs approximately 3,500 people in its base plant and 
field office. Its personnel consists of professional engineers, mathe- 
maticians, geodesists, cartographers, photogrammetrists, and engines 
intelligence and graphic arts specialists, many of whom are recognized 
authorities in their respective disciplines. 


The AMS base plant consists of four buildings devoted to the 
assimilation, production and distribution of maps and allied materials, 
Its field offices are located in Kentucky, Missouri, Rhode Island, and 
Texas. 


A summary of personnel and fiscal data for the AMS follows: 


Estimated Book Value of Facilities $40, 000, 000 
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Number of Employees 3,500 
Out-of-House Contracts $15,000, 000/year 
Operating Budget $38, 000, 000/year 


Fig. 24 is a photograph of a typical piece of equipment(occultation 
telescope) used by the AMS for astronomic study. 


Training - the Engineer School - The United States Army Engineer 
School is a major operating component of the Army Engineer Center 
and Fort Belvoir. The Commandant exercises direct supervision over 
the operations of the school. The school's divisions and departments 
include: Combat Developments Group; four academic departments 
(Military Art, Engineering, Mechanical and Technical Equipment, and 
Topography). Approximately 3, 100 officers and 5,800 enlisted men 
will be graduated during Fiscal Year 1959. The student body is drawn 
primarily from the Corps of Engineers, but includes both officer and 
enlisted students from other services and from allied nations. 


The Engineer School, with its extensive facilities and qualified 
teachers, is an important factor in the Corps of Engineers' operational 
capability of conducting training under any space project. 


CONCLUSION 


The Corps of Engineers is well equipped to assist the national space 
program, It is presently assigned the national mission of directing an 
engineering, construction, and real estate service for the Army, in 
addition to developing, providing, and servicing engineer material. In 
keeping with this national mission, the Corps of Engineers has an im- 
portant current role in the national guided missile and space program. 
As the largest single construction agency, it is capable, through its 
flexible division and district organization, of expanding very quickly to 
meet a new and pressing need, The joint Corps of Engineers and Atomic 
Energy Commission's Army Nuclear Power (ANPP) is currently develop- 
ing closed-circuit, high-efficiency, low-maintenance, compact reactors, 
and should continue to be a source of valuable information in regard to 
nuclear power plants suitable for space exploration, 


The Corps of Engineers has a major and significant research and 
development capability. USAERDL are presently devoted to the develop- 
ment of improved methods and equipment necessary to support the new 
mobile Army, the Pentomic Airborne Division, cold climate operations, 
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24. Occultation Telescope for Astronormic Study 
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and the missile and space program. In keeping with its general mission, 
USAERDL is presently engaged in many projects of direct concern to 

the missile and space program. In almost every instance, its twenty- 
four fields of endeavor have direct application to space research. 
USAERDL's extensive physical facilities and nucleus of scientifically 
trained personnel is capable of expanding to encompass major segments 
of the national space program as may be required. 


The Waterways Experiment Station, specializing in hydraulics, 
concrete, Soil mechanics, ground mobility, and flexible pavement 
design, is well equipped to conduct specific projects relative to space 
and missile research. 


The remaining Corps of Engineers research facilities -- Snow, Ice, 
and Permafrost Research Establishment; Arctic Construction and Frost 
Effects Laboratory; Rigid Pavements Laboratory; and the Marine 
Division -- currently have specific specialized missions, certain of 
which have direct application to space exploration, 


The Corps has a long record of major achievements. Its existing 
facilities and body of trained engineers and scientists are capable of 
handling many space projects in-house or by contract, and are also 
capable of expanding to meet more complex requirements. The Corps 
of Engineers can lend invaluable support to future national space 
programs. 
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CHAPTER IV: SIGNAL CORPS 


ROLE OF THE SIGNAL CORPS 


The historic mission of the Signal Corps is to provide command 
control for the Army. This mission has continued from 1860 to the 
present day, when the Signal Corps plans, directs and supervises sig- 
nal communications and cryptologistic activities of the Army and op- 
erates the Army's world-wide communications net, The Signal Corps 
also trains Army personnel for their duties as communicators and 
electronic repairmen and specialists in the Army in the field and de- 
yelops, procures, stores, issues and maintains communications equip- 
ment for the Army in the field and for the world-wide communications 


net. 


In addition to communications, the Signal Corps has numerous 
other assigned missions, Some of these, such as pictorial, metero- 
logical and communications security include sizeable operational re- 
sponsibilities, described later in detail, Other areas involve only 
research, development, logistic and training functions, The Signal 
Corps has been assigned Army logistic responsibility for some 58 
Federal Stock Catalog classes, These largely include all communica- 
tions equipment, electrical and electronic equipment, piece parts, 
energy converters, electronic instruments, automatic pilot mechanisms, 
photographic equipment and supplies and automatic data processing 
systems (except for fire control), Primary Army R&D cognizance 
assignments to the Signal Corps are generally in the same areas as the 
logistics assignments and in addition, include transistors, ECM equip- 
ment, meteorology, radar (except fire control) and television equip- 
ment, These assignments generally may be considered as covering 
major areas of experience, competence and facilities in the fields of 
communications, combat surveillance, ECM, ADPS equipment, avionics, 
and electronic piece parts, tubes and transistors, and energy converters, 


Recent Projects Related to Missile and Space Field 


The Signal Corps is currently conducting eleven missile and 
space projects for NASA, ARPA, and other DOD Agencies, These 
programs have a projected gross value of $70,000,000, exclusive of 
cost of the missiles and include: 
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Fig. 25. Tracking Antenna Used to Track Score Communication 
Satellite 


Fig. 26. Albedo Cloud Cover Satellite 


First Surveillance Satellite 
First Fuel Site VANGUARD 
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1, Contributions to the satellite payloads of several of the 
successful U, S, satellite launchings. 


a. The U, S, Army Signal Research and Development Lab- 
oratory (USASRDL) designed and fabricated the first solar power sup-. 
ply converter ever flown in a satellite, the 6,4 in Vanguard 1958 Beta, 
The continuing successful operation of this equipment indicates that 
electronics can survive for considerable periods of time in the space 


environment. 


b. Project SCORE: Signal Communications Orbiting Relay 
Equipment. This ARPA-sponsored payload was launched in December 
1958, The main concept of this first satellite communications system 
was that of a delayed repeater, Messages were transmitted to the 
satellite when over a ground station, recorded, and then transmitted 
upon interrogation while satellite was over another ground station, A 
real time repeater was included as an alternate mode of operation. 


c. Albedo Satellite: Launched as the first full size Vanguard 
payload under IGY, NASA sponsorship , the rather complex electronics 
of this first surveillance type satellite designed to observe cloud cover 
operated satisfactorily. 


d, Contributions have been made to almost all the other U. 
S$, satellite and space probe efforts in some aspects of electronics or 
components such as transistors, frequency control crystals, energy 
sources, and other special components, 


2. Tracking and Communications, The prime stations of the IGY 
Minitrack Net have been operated and maintained by the Signal Corps 
which has also provided the world-wide communications and data trans- 
mission facility. As a natural out-growth of wave propagation and 
ionospheric research work, the USASRDL has been extremely active 
in satellite and space probe observations using large 65 ft. diameter 
parabolic dishes (Diana), and direction finding equipment, 


3. Energy Sources, USASRDL is conducting under ARPA spon- 
sorship a program for the investigation of specific energy sources for 
use inmissiles, satellites, and space probes, 


4, The Signal Corps and Ordnance Corps are jointly sponsoring 
a contract with RCA to prove the feasibility of placing a TV camera 
and transmitter in rockets and thus provide additional surveillance 
capabilities to ground commanders, 
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5. Courier Satellite. Sponsored by ARPA, this communication, 
satellite will be an expanded and more sophisticated version of the 
SCORE equipment. Ground stations will be constructed at Hawaii, 
Puerto Rico, and Eritrea. 


6. Also being sponsored by ARPA is an advanced communication, 
system much larger in scope than the Courier. This system will make 
use of satellites placed in the 24 hour synchronous equatorial orbit, 4 
minimum of three of these satellites, with a 72-voice channel Capacity 
for ground-to-ground communications, will provide almost instantaneoy, 
communications over the complete globe. 


7. Project TIROS, This Television and Infra-Red Observation 
Satellite is being sponsored by NASA, The objective of this equipment 
is to obtain world wide cloud cover mapping by means of TV and Infra. 
Red scanning methods, 


8. The Signal Corps has also been given the responsibility for 
procuring and operating three tracking and communications stations 
within the World Tracking Net. Existing tracking sites will also be 
improved and modernized. 


Projection of Activities Related to the Missile and Space Field 


The U. S. Army Signal Corps has proposed to higher authority 
new research, development or study programs totaling approximately 
$66 - 69 million, exclusive of cost of necessary missiles, These 
programs include: 


1, Extension of Real Time Communications Satellite Program, 
pending availability of a satisfactory vehicle, 


2. Development of equipment for ground control, tracking, and 
maintaining continuous data as to spatial location of all orbiting satel- 
lites. 


3. Development of special communications beacon for satellite 
tracking. 


4, R&D in fields of special antenna and ground equipment for 
missile and satellite tracking and communications, 
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Fig. 27. Solar Power Supply Designed and Fabricated by USASRDL 
For ABMA 


TIROS SATELLITE 


Fig. 28. Tiros Surveillance Satellite to Observe Cloud Formations 
With Television and Infrared 
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Fig. 29. Diama Moon Radar "Bounced" First Radar Signals Off 
Moon Currently used for Missile and Satellite Tracking 


Fig. 30. Miniature Tape Deck Designed by USASRDL for Score 
Satellite 
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Fig. 31. Score First Communications Satellite 


Fig. 32. Operations of Secure Satellite Communications System 
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5. High altitude rocket instrumentation program to measure 
densities, chemical structure radiation, and other physical Phenomena, 
Development of special instrumentation for 5 above, Continuation ang 
expansion of upper atmospheric research, 


6. Determination of the morphology of the atmosphere from 
earth to 2000 miles out. 


7. Collection, processing, and rough analysis of Army-sponsorg 
satellite data. 


8. Equipment and Piece Part Parameters, 


a. Energy Sources and Storage Devices: Continued R&D on 
solar energy converters, chemical storage devices, nuclear energy 
converters and new devices to improve life, reduce size and increage 
reliability. 


b. Electron Devices, Improve microwave tubes and solid 
state devices for longer life and greater reliability. Development of 
thermiomic devices for high powered long range radar and surveillance 
device with increased frequency coverage, higher power levels and 
lower noise, 


c. Components Parts and Packaging. Continued R&D effort 
in microminiaturization and micromodule téchniques permitting maxi- 
mum utilization of weight and space. Improvement of performance and 
reliability of components. Development of special microwave plumbing 
for high-powered long range radar, 


d,. Precise Frequency Standards, Continued R&D in areas 
of quartz crystals and atomic frequency standards, 


9. Determination of Space Parameters and Supporting Research 
Space Environment: Quantitative and qualitative analysis of micromete- 
orites, radiation, and temperatures, 


a. Wave Propagation and Ionosphere: To obtain complete 
information on transmission characteristics from ground to satellite 
and between satellites in the various frequency range. Also determine 
effect of nuclear radiation on these characteristics. 


b. Sky Noise. Investigation and program to use radio 
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astronomy for complete mapping of the skies with respect to electronic 
noise. 


10, Jam Proofing: Complete study and R&D program to evolve 
plans and equipment to deny any potential enemy the opportunity of 
jamming our satellite communications, telemetering tracking and 
operational control channels, 


RESEARCH AND DEVELOPMENT CAPABILITIES 


For over forty years the Signal Corps has maintained facilities 
for research and development in the fields of communications and other 
information devices. 


During this period the U. S, Army Signal R&D Laboratory's pio- 
neering efforts in research and development have resulted in ever- 
improved devices and techniques, It has emerged as a foremost author- 
ity not only in communications but in components, electron devices, 
atmospheric research, radar, electronics, and other areas as well, 


The contributions to the development of world wide communica- 
tions, missile tracking radars, radar beacons, Project SCORE, 
VANGUARD Project, Cloud Cover satellite, and various Ordnance 
missile systems have demonstrated the competency, capabilities and 
ability of USASRDL to materially contribute to the national space 
program, 


The following are some of the outstanding achievements of 
USASRDL in the various indicated fields: 


1, Electronic Parts and Materials 


These are the building blocks of electronic equipment. In 
this field USASRDL is particularly well qualified, In the final analysis 
the success of any system depends upon the quality and reliability of 
its components. R&D programs have been continually effected to 
establish new designs, increase performance, and reliability, and 
reduce size for such items as capacitors, relays, resistors, coils, 
wire, sockets, connectors, switches, magnetic core materials, 
ferrites and plastics and resins, Many of these products have found 
application in the satellites orbiting in space and in the various missile 
systems developed by Department of Defense, 


81 


sored 
on 
of 
4 
bing | 
rch 
nete- 
e | 
og 


416 BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 


Fig. 34. Main Deck of Albedo Satellite Showing Miniature Components 
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Fig. 36. Helmet Radio Set 
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Fig. 37. Walkie Talkie 


Fig. 38. Portable Combat Area Television 
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Fig. 39. Radar Beacon AN/DPN-43 Used for Missile 


Fig. 40. Fuze Telemetering Transmitter Designed for Use in 
Projectile 
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It was through these programs that autosembly, or printed 
wiring was developed, an invention that has revolutionized the assembly 
techniques of electronic equipments, In fact, certain achievements 
in launching the present satellites with their successful electronics 
would not have been possible without utilization of this technique, It 
is anticipated that the current USASRDL Micromodule program wil] 
have the same profound results and success, 


2. Energy Sources 


The USASRDL has been actively pursuing a R&D program to 
fulfill the portable power and battery requirements of the Department 
of the Army and Air Force, These efforts have given the cognizant 
technical personnel an intimate knowledge of the needs, characteristics, 
and special power requirements of various missiles and satellites, 
This knowledge has been used to evolve a program to develop power 
supplies of small size, greater capacity, longer shelf life, higher 
reliability and capable of operation under extreme environmental con. 
ditions, 


Typical of the types of power devices upon which an exten- 
sive internal and external development program has been pursued are; 
zinc silver oxide batteries, both mechanically activated and recharge. 
able types, sealed nickel cadmium, nuclear, mercuric oxide (mercury 
cells), silicon solar converters, hydrogen oxygen fuel cells, Le 
Clanche, and thermal batteries. 


That this program has been a success is testified to by the 
fact that the NIKE, JUPITER, REDSTONE, HAWK, LACROSSE, and 
CORPORAL missiles all use batteries developed by the USASRDL, In 
addition, electrochemical and solar conversion systems developed 
under the sponsorship of the Signal Corps are being or have been used 
in telemetering radar beacons, portable radio equipment, the Cloud 
Cover, EXPLORER, VANGUARD, and SCORE satellites. With its 
broad background and its success in developing acceptable power sup- 
plies for portable ground equipment, the Signal Corps can undertake 
with confidence the problems of providing energy conversion devices for 
use in space. 


3, Frequency Control 


The USASRDL has long been recognized as the country's 
leading organization engaged in research and development of such 
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frequency control devices as quartz crystals, precision filters, atom 
and molecular resonsance devices, 


This background experience and in-house fabrication cap- 
ability were heavily drawn upon to provide hundreds of phase stable 
crystals to USABMA and JPL for use in the EXPLORER satellites, 

The Signal Corps has also designed, constructed and delivered to 
USABMA a missile-borne frequency standard of high stability and pre- 
cision embodying the latest state of the art in crystal circuitry, 


The world of atoms and molecules make possible atomic 
beam frequency standards and molecular beam oscillation of con- 
siderably higher stability and precision that is now available with 
crystals. USASRDL scientists have developed these equipments to a 
point where the atomic beam frequency standard is ready for such 
ground applications as satellite and missile tracking and position 
location, Each self-contained standard requires no external source 
for calibration, thus permitting extremely close netting of frequencies 
throughout a system. 


4, Electron Devices 


The Signal Corps has the largest and most completely 
equipped tube and transistor laboratory operated by the U. S. Govern- 
ment, with specialists in every category of electron tubes and solid 
state devices, encompassing an integrated program of research, 
development, standardization and application engineering. 


For guided missile and satellite applications numerous 
special R&D efforts have been conducted, Some recent activities and 
accomplishments are as follows: 


a. Reliability studies have been made and extensive data 
gathered concerning factors contributing to failure of electronic equip- 
ments, This information has been useful in connection with design 
criteria for improved tubes and transistors used in missile and satel- 
lite equipments. 


b. The Signal Corps has participated prominently in sup- 
porting the development and establishment, through contracts, or 
production facilities for many new types of transistors and semi- 
conductor diodes capable of operation at higher frequencies, power 
levels, and temperatures, 
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c. Development of ruggedized pencil tubes, cavities, and 
magnetrons in C and X Bands for radar beacons used in missile and 
shells, 


d. Development of higher power microwave tubes in the 
5 megawatt S band region such as QK 338 for use in ground based 
tracking equipment. The QK 395 magnetron and the V-85 klystron 
were also developed for operation in another region of the spectrum, 


e. Development of self-sustaining cold cathode tubes which 
rival the lower input power drain of the transistors and permit the uge 
of well established electron tube design where transistor techniques 
are not established, 


5. Communications 


The Signal Corps has long been recognized as the leader in 
the field of military communications. USASRDL, its principal R&D 
agency, has contributed to world progress in the communications and 
electronic art, and in the development of associated systems and 
equipments, 


Some outstanding contributions to the U. S. Missile and 
Satellite Program have been: 


a. Project SCORE, the design and development first satel- 
lite communications system, 


b. Development and applications engineering on communica- 
tions systems and equipments for the NIKE, TERRIER, CORPORAL, 
JUPITER, REDSTONE, LACROSSE, HAWK, SERGEANT, and 
PERSHING missiles. 


c. USASRDL is pursuing the development of systems and 
facilities for the correlation and transmission of data for defining the 
position and numerous characteristics of targets. Work is also in 
progress in the field of remote control of ground and aerial vehicles 
employing television and other sensor pickup, with telemetering and 
control functions operating over radio, 


d. In addition, the Signal Corps has contributed heavily to 


scatter communications, FM radio, single sideband operation, radio 
relay and combat area radio equipment such as the helmet radio, man 
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packed radio, the first walkie-talkie and handie-talkie, and many 
types of vehicular radio, 


6, Detection, Guidance, Tracking and Associated Data Trans- 
mission Systems and Equipment 


Since the first missile flight at White Sands, the Signal 
Corps has pioneered in the areas of Guided Missile Instrumentation, 
The Signal Corps has actively participated in the development of the 
instrumentation equipment at the White Sands Missile Range, The 
Chain radat system now in operation is an outgrowth of the first 
missile tracking function performed in 1945, The system is employed 
to insure continuous contact and accurate location of the missile in 
flight from launching site to the impact areas for missile testing and 
range safety purposes, For this endeavor the Signal Corps has pro- 
vided radar stations, chain control centers, optical acquisition stations, 
plotting boards, coordinate conversion devices, data transmission 
facilities, Communications facilities, automatic data recorders, and 
computing facilities, as well as missile-borne equipment to enhance 
radar returns or provide command and pulse telemetering facilities, 


The Signal Corps accomplishments in the instrumentation 
field are extensive and include the development of a line of beacons 
in the S, C, and X bands, and miniaturization and transitorization of 
currently used hardware, U. S, Ordnance Corps has made extensive 
use of these equipments developed by USASRDL, 


The Signal Corps has pioneered in the field of radar; in fact, 
the basic principle of pulse radar was fathered at USASRDL. The 
Signal Corps was also the first to 'bounce' radar signals off the moon 
with the famous Diana moon radar equipment in 1946, 


The aggressive program of general research and development 
into radar systems and techniques with aim of improving range, 
accuracy, reliability and operational procedures has resulted in the 
development of equipment such as AN/MPQ-10, and AN/MPQ-4, 
systems capable of detection and location of mortar and artillery by 
intercepting in flight the shells from these equipments and then com- 
puting their trajectories, Modification of these equipments have been 
accomplished for missile tracking and detection and location of missile 
impact and launch points, 


The Signal Corps Surveillance program has resulted in guid- 
ance systems of reduced ECM vulnerability, passive homing techniques 
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Fig. 41. AN/MLQ-19 ECM System for Use Against Guided Missiles 
Operated At USASMSA 


Fig. 42. AN/MLQ-19 ECM System for Use Against Guided Missiles 
Operated At USASMSA 
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Fig. 43. RAWIN Set AN/GMD-1 for Gathering Upper Atmospheric 
iles Temperature, Winds, Humidity and Pressure Data 


Fig. 44. NIKE CAJUN Instrumentation Used to Gather Upper 
then Atmospheric Data in Support of Missile and Satellite Firings 
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on electro-magnetic radiations, various drone control systems, and 
airborne and ground radars. 


R&D Skills and Resources 


1. In-House Skills 


At Fort Monmouth, New Jersey, is the Signal Corps R&D 
Laboratory, one of the nation's principal electronic research and 
development centers, The responsibilities of this Laboratory are 
broad; within its aegis are the multiple electronic sciences that make 
up the network of communication and information devices which in 
turn form the nerve and control system of a modern military force, 
Charts land 2 highlight the Signal Corps fields of technical compe- 
tency. 


Conducting this work within the modern research facilities 
of the Hexagon Building and Evans Area are approximately 3,500 mili. 
tary and civilian engineers, physicists, chemists, mathematicians, 
their laboratory and shop assistants, and other support personnel 
working together to advance the frontiers of science and technology, 
Of these personnel, 698 hold Bachelor's degrees, 109 have Master's 
degrees, 453 have Doctor's degrees, while 135 have partial credits 
leading towards a degree, 


These scientists are working in the more than 30 fields 
within the province of Signal Corps responsibility, and have at their 
disposal the most complete laboratory equipment, These include not 
only the most recent commercial devices, but new extensions of 
these advances to meet specialized needs, Also available are well 


stocked technical libraries and modern machine shop facilities capable 
of fabricating the most complex electronic equipment, 


2. Out-of-House Skills 


Supporting the efforts of USASRDL are thousands of addi- 
tional scientific and professional personnel, available through the more 
than 650 research and development contracts with the nation's leading 


industries, universities, research foundations, and other Government 
agencies. Charts 3 and 4 indicate the contractual activities of the 


various technical groups within the Laboratory. 
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Unique among the USASRDL contractors is the Electronic 
Defense Laboratory of Sylvania Electric Products, Incorporated, a 
facility working exclusively on projects submitted through the U. S, 


Army Signal Corps. 


Established in 1952 by the U. S. Army Signal Corps to con- 
duct research and development in the special field of ECM against sur- 
face target guided missiles and to produce special electronic equipment 
on a QRC (quick reaction capability) basis, this facility has grown into 
an organization of approximately 660 people including 240 scientists 
and engineers occupying two buildings constructed by Sylvania at a cost 
of $2.5 million, with approximately 89, 000 feet of floor space, 


The EDL facilities provided by the Signal Corps and valued 
at approximately $2.5 million include: 


a. Anechoic chambers, 

b. Antenna range, 

c. High power tube test equipment, 

d, Component test equipment, 

e. Hydraulics test equipment, 

f, Electronic test equipments and standards, 

g. GEDA analog computer, 

h, Environmental test apparatus. 

i. Fabrication and model shops, 

Over the past seven years the combined R&D and QRC work 
has built up at EDL a wide range of capabilities which has resulted in 
dutstanding contributions in: 

a. Miniaturization. 

b. Signal processing. 


c. Versatile receiving, transmitting, and antenna equip- 
ment, 
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d, Systems engineering. 
e. Propagation research, 


This vast background and experience built up by the EDL 
technical personnel and management can contribute significantly to the 
success of the national space program, This demonstrated capability 
can be used in the design and development of equipment in the following 
astro-electronic areas: 


a. Airborne equipment with special considerations for cop. 
figuration, and limited space, weight, and power consumption, 


b. Telemetering and Secure Communications System, 


c. Ground stations for detection, tracking and eliciting 
response with complete data analysis and recording. 


d, Providing quick reaction for fabrication and small-scale 
production of special equipment. 


OPERATIONAL CAPABILITIES 


Achievements of the Signal Corps 


The basic and fundamental achievement of the Signal Corps has 
been to provide the Army with first class communications through five 
wars and the intervening periods of peace and Indian warfare and to 
train the specialists needed for this work, The Signal Corps established 
in 1870, and operated for the next twenty years, a nation-wide net of 
meteorological stations which eventually became the U. S. Weather 
Bureau. In support of this system and to connect the far-flung frontier 
posts of the "Indian Fighting'' Army, the Signal Corps built and operated 
5,000 miles of telegraph pole line by 1880. This represented the only 
means of rapid communications throughout large areas of the frontier 
and contributed significantly to the 'Winning of the West."" In 1900, 
the Signal Corps built, and has operated and improved ever since, the | 
Alaska Communications system, Portions of the Alaska Communica- | 
tions system are now under U., S. Army Alaska (USARAL) which serves 
both the civilian and military communication requirements of Alaska, 
As a part of this system, the Signal Corps, in 1904, laid the submarine 
cable connecting Alaska with the United States at Seattle. The Combat 
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surveillance interests of the Signal Corps are by no means new, 
Reconnaissance ballons were used by the Signal Corps in the Spanish- 
American War and in 1908 it acquired a dirigible. The Signal Corps 
also funded the heavier-than-air experiments of Professor Langley, 
and in 1909, purchased a Wright biplane, The Signal Corps operated 
the Army's aivation from 1909 through World War I until May 1918 at 
which time the Army Air Corps, ultimately to become the USAF, was 
formed from the Aviation Section of the Signal Corps, 


In World War II, the Signal Corps trained 400, 000 specialists, 
officers and enlisted men in communications, radar, electronics and 
areas within its interest in operation and maintenance, All radars 
used by the Army in World War II, including all used by the AAF, were 
developed, procured, and maintained by the Signal Corps, It was an 
early Signal Corps radar, the SCR-270, which detected the Japanese 
Pearl Harbor attack force at a range of over 100 miles in the early 
morning of 7 December 1941, Particularly outstanding Signal Corps 
radars were the SCR-584, still in use in modified form and the air- 
borne "Mickey" radar, In World War II, the Signal Corps also first 
put in use the VHF and UHF multi-channel FM communications equip- 
ment for tactical communications and radio relay equipment, 


The Signal Corps operated, pre-World War II, a domestic 
strategic radio network extending to Manila, Honolulu, San Juan, 
Panama, and Alaska handling 5,000 messages daily. This system was 
built up by the Signal Corps during World War II to a completely global 
around-the-world belt line of multi-channel circuits with a traffic 
handling capacity of 100,000,000 words per day. This system extended 
from Washington to Asmara, New Delhi, Brisbane, San Francisco and 
back to Washington and has been modernized, improved and extended 
to the system described later, The Signal Corps made extensive 
operational contributions to the IGY and subsequent satellite programs 
by providing operators and communications facilities for satellite 
tracking stations located all over the world, 


The Signal Corps has produced the bulk of all training films used 
by the Army and many used by other services and has supplied photo- 
graphs for historical, public relations and technical intelligence pur- 
poses, In Korea, Signal Corps equipment and photographs provided 
an important close support tactical capability not available from the 
USAF, 


In the field of Signal Logistics, the Signal Corps procured, 
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stored, issued and maintained, during World War II and Korea, liter. 
ally millions of communications sets and millions of miles of wire, 


Operational Skills 


The Signal Corps consists of some 1,916 officers, 11,442 en. 
listed men and 23, 786 civilian personnel. The Signal Corps' current 
annual budget is $700,000,000. These figures represent funds and 
personnel directly under the control of the Chief Signal Officer, An 
additional 5,000 theater personnel perform work in Army world-wide 
communications net and the Signal Corps makes procurement with 
other funds, The total value of all Signal Corps facilities and activi. 
ties is $2,250,000,000, The operational functions of the Signal Corps 
fall into a number of categories. 


In-House Skills 


Probably the most vital single category of all in which the Signal 
Corps engages is the provision of a world-wide communications 
system to the Army. Operation of such a system requires a tremen- 
dous plant and a large work-force with many different skills, Asan 
example of the wide diversity of plant required, the Chief Signal Officer 
is responsible for planning, programming, designing, engineering, in. 
stalling, operating and maintaining-all fixed communications -electronics 
equipment, facilities, systems and networks for the Department of the 
Army. These fixed communications are provided from Headquarters, 
Department of the Army, down to the field Army level. Included are 
special networks for intelligence and Air Defense. Facilities include 
wire (voice and teletype), radio and television, The annual expendi- 
ture for operation, modernization and improvement of this system 
totals approximately $165,000,000. A total of 20 billion message 


groups are handled annually over the million channel miles of leased 
lines and 1,2 billion channel miles of government-owned lines. The 
Chief Signal Officer develops long-range, mid-range, and short-range 
plans for improving and modernizing these world-wide communications 
to meet the needs of the modern Army. The Signal Corps performs 
field testing and evaluation of all new or improved fixed communications- 
electronics equipment. The total personnel authorized to operate the 
world-wide Army Command and Administrative network is estimated 

to be above 10,000, Included are approximately 130 engineers or 
professional personnel, 3,700 highly skilled electronic technicians, 
3, 100 skilled operators, 1,290 semi-skilled operators, and 1,700 
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administrative personnel, The Signal Corps exercises world-wide 
control of the Army Command Administrative Network through the 
development of standard operating methods and procedures, monitoring 
of traffic and actual operation of key relay points in CONUS and over- 
seas, It also plans, procures and controls the issue of secure commu- 
nications equipment and devices throughout the world, The Chief Signal 
Officer has a communications engineering field agency of over 500 people - 
including 64 engineers and 36 electronic and communication specialists 
and 24 communication managerial personnel who are responsible for 
supervising the design, construction, procurement and installation of 
all communications -electronics equipment world-wide, 


One of the largest areas of Signal Corps operations is Signal 
logistic support to the Army. A total of more than 13, 000 Signal 
Corps personnel are engaged in this function, Material received and 
shipped aggregated 100,000 tons, The U. S, Army Signal Equipment 
Support Agency is an 800-man organization located at Fort Monmouth, 
New Jersey, which writes and reviews production specifications, con- 
ducts sample testing, does production engineering and product improve - 
ment, and maintains gauges and standards for quality assurance and 
standardization purposes, The U, S, Army Signal Supply Agency is a 
4,400-man organization located at Philadelphia, Pennsylvania, which 
makes all Signal Corps procurements and exercises all of its stock 
control and record functions, The Signal Corps operates four depots 
whose personnel aggregate 7,200, These depots are located in 
Tobyhanna, Pennsylvania; Lexington, Kentucky; Decatur, Illinois; and 
Sacramento, California, Each depot stores and issues the Signal Corps 
stock numbered catalogue items to all Army forces in the CONUS and 
overseas, In addition, all depots possess extensive maintenance shop 
facilities capable of such widely diversified jobs as grinding and coat- 
ing photographic lenses, calibrating radiac instrumentation, complete 
repair and rehabilitation of the largest and most complex radar and 
radio communications equipment and limited production facilities for 
relatively complex mechanical and electronic equipment, The Signal 
Corps has large scale facilities for the use of ADPS in supply opera- 
tion, This includes electronic computers at the U. S. Army Signal Supply 


Agency and a special data link for passing the computed data to the 


four depots and the raw data to USASSA, 


One of the Signal Corps' most important functions is the training 


_ of specialist personnel in the various areas of Signal Corps responsi- 


| 
| 


bility, The Signal Corps operates schools at Fort Monmouth, New 
Jersey, and Camp Gordon, Georgia. Operating and teaching personnel 
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of the schools total 649 officers, 3,608 enlisted men and 2, 909 civilian 
employees, These schools teach operation and maintenance of compli. 
cated electronic and related equipment and are currently given a tota] 
of 17 officer and 44 enlisted courses, Approximate average yearly 
number of students is 2,500 officers and 25,000 enlisted men, 


Because of the continuing rapid advancement in the electronic 
art, a decrease in the time-lag between development of new technica] 
capabilities and their evaluation and application to military purposes 
is vitally necessary, The Signal Corps has established the U. S, Army 
Electronics Proving Ground (USAEPG), a 4,700 man organization located 
at Fort Huachuca, Arizona, Its major mission is to conduct field tests 
and troop trial of new electronic systems and concepts in communications, 
electronic warfare, Army aviation, meteorology and combat surveil. 
lance, in the early development stages, in order to determine and set 
down their effects on over-all planning of warfare and make recom- 
mendations as to the most satisfactory methods of employment of and 
defense against the new electronic weapons, In line with the Signal 
Corps assignments in ADPS, the USAEPG is evolving field data pro- 
cessing systems for general purpose army field applications to include 
supply control, combat intelligence, fallout prediction, etc. To per- 
form the initial phases of this evolution, a fixed plant facility built 
around and IBM 709 computer has been established at USAEPG, 


Initially funded in FY-59, an electronics environmental test 
facility is being built at USAEPG to simulate the actual electronic 


environment which will be encountered in the field Army. The Fort 
Huachuca area is well suited for this purpose, being large and remote 


with low artificial radio noise, The personne] at USAEPG include 


many engineers and scientists, USAEPG also provides special meteo- 
rological teams for making meteorological measurements at the R&D 


ties, Tests have been made at Fort Huachuca of a trans-horizon dual 
diversity scatter communication set to determine its characteristics 


in field operation and evolve the technique for its employment, 


installations of other Technical Services in support of their R&D activi- | 


The Signal Corps operates a 2200-man organization at the White 


Sands Missile Range. This organization operates an extensive radar 


tracking complex, interconnected by microwave links, complete with 
data processing and evaluation equipment. This system is used for 


determination of the exact trajectory of missiles fired on the range, 
for range safety and control, and acquisition data for other instru- 


mentation at the range. The organization is responsible for the radar 
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and communications complex, all frequency coordination, allocation 
and monitoring on the range, and is responsible for measuring data on 
yarious atmospheric parameters at the time when the missile is fired 
and for general meteorological measurements on the base, including 
upper atmosphere winds to 500,000 feet. Through rocket sounding 
techniques, the organization also operates a sound locating net for 
determination of missile impact position. 


In fulfilling its pictorial mission, the Signal Corps operates the 
U.S, Army Pictorial Center, a 1,000 man organization at Astoria, 
Long Island, New York, This organization produces the bulk of all 
training films used by the Army, aggregating some 400 per year, It 
also provides, on an average, some 14 motion picture production 
teams for on-site film production and two mobile TV units for on-the- 
spot coverage. Facilities include sound and silent stages, editing and 
complete film processing facilities and back-up machine shops. The 
film processing facilities process some 65,000, 000 feet of motion 
picture film in an average year, 


The Signal Corps acts as the Army's "frequency coordinator" 
and makes frequency assignments for use throughout the Army. An 
organization of 108 persons has been set up to perform this work, as 
well as corollary work in ionospheric measurements and frequency 
utilization predictions, This organization operates seven ionospheric 
sounding teams on a global basis which continually measure the pa- 
rameters of the ionosphere. Two mobile teams are available for 


dispatch to areas of particular scientific interest. 


Out-of-House Capabilities 


The Signal Corps out-of-house operational capabilities include 
the facilities of all manufacturers of communications-~-electronics 


equipment and supplies in individual equipment procurement contracts. 
The outstanding out-of-house operational capability of the Signal Corps 


is, however, the telephone, telegraph and commercial radio companies 
of the world, The Signal Corps has contracted for the services of 


virtually all of these at one time or another, integrating the commer- 
cial facilities with the Army-owned net as required, 


CONCLUSION 


The Signal Corps has the capability and the facilities to plan, 
design, develop, purchase, manufacture, install, maintain and operate 
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communications systems of any degree of complication and extent; ang 
to perform the necessary research support, This competence extends 
to the security devices necessary in military communications, and to 
the automatic terminal machinery necessary to process data in any 

form sent via such a system, The Signal Corps also has an extensive 
facility and area of competence in the design, engineering and applica. 
tion of sensors such as radar, infrared, visible light, photographic 


acoustic and seismic, 


The Signal Corps has a truly outstanding competence in the 
development of electronic piece parts, electron tubes, solid state 
devices, MASERS and similar components, with particular emphasis 


on reliability in unusual environments, 


SOME AREAS OF SIGNAL CORPS R&D COMPETENCE 


Electronic Countermeasures 


Vulnerability 
Deception 


Jamming (Fuzes, Communication) 


Detection and Location, and 
Intercept 


Meteorology 


Atmospheric Physics 
Meteorological Instrumentation 
Meteorological Techniques 


Avionics 


Airborne Surveillance 

Airborne Television and 
Photography 

Aircraft Communications 

Naviation and Flight Aids 


Applied Physics 


Reconnaissance (Sound Light, 
Infrared Detection, Location, 
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Communications 


Communication Techniques, 
Communication Systems 

Long Range Radio 

Combat Area Radio 

Multiplex 

Data Systems 

Mobile Communication Center 

Switching 

Data Processing (Equipment, 
Recording, Astro-Communi- 
cations, Astro-Instrumenta- 
tion, Astro-Observation and 
Analysis) 

Wire, Pulse, Teletype, Facsimik 
Television 

Coded or Uncoded, Signal 
Channel, Multi-Channel 

New Modulation Theories 

Scatter Transmission Studies 

Remote Control 

Data Transmission, Display and 
Evaluation, Telemetering 

Antennae 

Acoustics 
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SOME AREAS OF SIGNAL CORPS R&D COMPETENCE 


Identification Surveillance, Optical 

Photo-electrical Devices) 
Photography Television (Surveillance, 

Monitoring Identification, Tracking) Radio Interference Suppression 
Atomics (Nucleonics, Instrumentation, 


Radio-activity) 


Electronic Parts and Materials 


Relays 


Capacitors, Resistors, 
Inductors and Transformers 
Transmission Lines and Fittings 


Waveguides 


Assembly and Production 


Technique 


Printed Circuits Automation 


Reliability 
Standardization 
Ruggedization 
Miniaturization 
Dielectrics 

Magnetic Materials 
Ferrites 

Plastics 

Coatings 


Electron Tubes 


Microwave 

Hydrogen Thyratrons 
Magnetrons 

Klystrons 

Cathode Ray 

Receiving 

Storage 

Ceramic 


Solid State Devices 


Crystal Rectifiers - Photoelectric 
Devices - Semi-Conductor Physics - 


Transistors 


Suppression and General 


Engineering 


Techniques 
Noise Measuring Instrumentation 
Suppression Components 
Servo-Controls and Mechanisms 
Mobility Engineering 
Heating and Air Conditioning 


Power Sources 


Electro Chemical - Primary, 
Secondary and Special Purpose 

Nuclear Energy Conversion 
Devices 

Vibrators, Dynamotors 

Thermo-electricity 

Power Transistor Devices 


Frequency Control 


Quartz Crystal 

Frequency Generation and 
Synthesis 

Quartz and Synthesis 

Circuitry 

Frequency Measurement 


Nuclear Resonance Devices 
Atomic Masers 


Radar 


Detection 

Location 
Identification 
Tracking 

Velocity Measurement 
Miss Distance 
Guidance and Control 
Beacons 
Instrumentation 


439 
ds 
to 
ve 
Ca. 
| 
uni- 
and 
105 


— 
hy 
| 
— 
| 
| 
| 
| 
| 
hg 
| 
| 
. | 
| 


CHAPTER V: ARMY MEDICAL SERVICE 


ROLE OF THE ARMY MEDICAL SERVICE (AMEDS) 


The present responsibility of the Army Medical Service is to 
service and maintain the highest possible level of health of the Army, 
specifically to: 


1. Protect man against natural biological hazards, 


2. Evaluate the physical environmental hazards to health, and 
cooperate with the appropriate agency or commander in the control of 
such hazards and the minimizing of their effect on man, 


3, Provide medical care to military personnel, dependents of 
military personnel and Department of the Army civilians in overseas 
areas. 


4, Determine the physical and emotional standards for selection, 
retention and elimination of military personnel and the conduct of 
examinations necessary to the application of such standards, 


5. To conduct research to evaluate the physical and emotional 
standards for military personnel, the extent and mechanism of action 
of physical and biological health hazards, the means by which these 
hazards may be obviated, and, together with appropriate Army agencies 
develop better techniques of preventive and curative medicine, 


6. Conduct biomedical experiments in space flight, exploiting 
opportunities for such research as may present themselves, with a 
view to contributing medically to the safe transport of man via ballistic 
missiles as a part of a probable Army operation of the future, 


The Army Medical Service traditionally has met and discharged its 
responsibilities for maintaining the health and well being of the Army 
in conditions of unusual and extreme environments from the tropics to 
the Arctic and under threat of disease and injury from biologic and 
physical causes, Further, the Army Medical Service has, by research, 
greatly improved its capability for meeting the unknown and unexpected 
situations which have, from time to time, threatened the health and 
well being of our Army. 
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Recent Projects Related to Missile and Space Field 


1. The Army Medical Service has been assigned Army respon- 
sibility for Biomedical Aspects of Missile Transport. Under this pro. 
ject, a series of bio-flights have been programmed, two of which have 
been accomplished and the next scheduled for the near future, The 
general scope and objectives of the program have the support of the 
Armed Forces - National Research Council Advisory Committee on 
Bioastronautics, the National Aeronautics Space Agency, and others, 
Army Medical Service personnel serve as members of both of these 
activities and act as special advisors to ARPA regarding space re- 
search, The Air Force has been assigned responsibility for biomedical 
aspects of the NASA Project Mercury, with the understanding that the 
Army Medical Service will assume responsibility for the psychological 
aspects of these efforts. 


2. Other active projects not specifically assigned but oriented 
toward space activity. 


The Army Medical Service has a 1,5 million dollar program to 


discover agents which will increase man's resistance to the effects of 
ionizing radiation, 


Projection of Space Activities 


1, Further exploration of the problems of acceleration and 
deceleration, positive, negative, transverse, and rotary, and finding 
solutions to the problems. 


2. Solution of the problem of gaseous exchange in a closed system 
relative to man, 
a. Photosynthetically. 
b. Mechanically. 
c. Chemically. 


3. Solution of the personnel problems caused by weightlessness 
such as problems of eating, working, breathing, and balance, 


4. Solution of the problem of body cooling and warming in extremes 
of temperature, 


5. Solution of the problems of recycling of water. 
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6. Development of an adequate closed ecological system, 


7. Advice on physiological and psychological requirements of 
body armor, space suits, radiation protection, space shelters, and 
transport capsules. 


8, Determination of biologic hazards of cosmic radiation and 
development of protective measures by chemical and metabolic pro- 
cedures. 


9, Development of a completely adequate self-sufficient space 
medical care system. 


10, Identification of existing life in space and evaluation of its 
potential, beneficial or inimical value to man's existence in space. 


RESEARCH AND DEVELOPMENT CAPABILITIES 
1, Advances in the State-of-the-Art of Medicine 


a. Through basic and applied research, the Army Medical 
Service has earned one of the leading roles in recognition and solution 
of problems relating to prevention, control, and eradication of infec- 
tious disease. Such examples range over the past 60 years, from recog- 
nition of the role of the mosquito in yellow fever to chlorination of 
water, elimination of typhoid, tetanus, and gas gangrene from the 
battle field, to more recent methods for control of scrub typhus, in- 
fluenza, streptococcal disease, and respiratory disease of recruits. 
Basic research is epitomized by current studies of germ-free life 
(Fig. 45). 


b. Achievements of the Army Medical Service in nutrition 
include a diversity of medical contributions, from the cause and cure 
of beri-beri to recent determination of nutritional requirements in 
extremes of heat and cold. Army Medical Service participation in the 
Interdepartmental Committee on Nutrition for National Defense has not 
only expanded a knowledge of nutritional deficiencies in eleven allied 
countries but has developed an ability to insure maximum use of foods 
locally available. Applying a parallel approach and accepting the 
proposition of the use of algae in a closed ecological system, studies 
have been initiated on means of developing an adequate diet under con- 
ditions of space life. 
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c. The studies on frostbite and heat exhaustion related to 
World War II have continued with an increased understanding of the 
physiologic changes resulting from climatic extremes, Most recently 
ithas been demonstrated that adaptation to both heat and cold can be 
accomplished without reversal of either previously acquired adaptive 
mechanism. Methods applicable to troop or individual acclimatization 
to both environmental extremes are being developed. 


d, Recognition exists of the Army Medical Service accomplish- 
ments and capabilities in the area of psychophysiology, or the sensory 
functions of man. This rests on past.and current studies of individual 
performance in the face of sustained and impact noise, vibration, and 
angular acceleration. In at least two of these important areas, means 
have been found to reduce the stress by training and/or physiologic 
alerting mechanisms, A major effort has been and continues to be 
the definition of the parameters of basic human engineering, i.e., 
man's capability to perform tasks of increasing complexity in the face 
of varying degrees of sensory stress, 


e. Related efforts in experimental psychology have begun to 
define the limits of time, complexity, sleeplessness, and novelty of 
the unknown as they result in anxiety, disrupted performance, and 
abnormal physiologic functioning. A phase of these studies has been 
development of an instrumented animal permitting a stable and scien- 
tific method of measuring complex, purposeful, and rational behavior. 
This experimental method of measuring performance has gained wide 
acceptance and use in many areas of medical research. Its applicability 
to determining the capability of a passenger to perform purposeful 
tasks during space travel has been widely accepted. 


f, Studies on sensory deprivation and on individual and small : 
unit isolation have been under way for the past few years. The results, 
when available, should be directly applicable to space travel and space 
station existence. 


g- The Army Medical Service has supported an expanding 
effort in the biologic effect of ionizing radiation. Recent studies indicate 
a definite possibility for chemical protection against radiation injury. 
The pertinence of this effort to space travel is obvious (Fig. 46), 


h. Somewhat related are studies just being initiated on biologic 
effects of microwaves, The recent announcement by the Public Health 
Service on functional impairment of brain function with this form of 
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energy has had its origin by the collaboration of Army Medical Service. 
This requires expanding study in order to define the hazard of future 
guidance and communication techniques, 


2. Outstanding Technological Achievements 


Achievements in Space Research Projects 


(1) On 13 December 1958, the Army Medical Service ina 
cooperative project with the Bureau of Medicine and Surgery, U, S. 
Navy, utilized space provided by the Army Ordnance Missile Command 
ina Jupiter nose cone to launch the first primate into space. The pas- 
senger, 4 one-pound squirrel monkey, travelled 300 miles up and 1500 
miles down range, experiencing approximately eight minutes of weight- 
lessness, 10 g's on take-off, and 40 g's on re-entry. This initial re- 
search effort was successful in that telemetered physiologic data 
showed no adverse reactions of the passenger to the physical stresses 
imposed (Figs. 47 and 48). 


(2) Again, on 28 May 1959, the Army Medical Service in a 


cooperative project with the Bureau of Medicine and Surgery, U. S. 


Navy, utilized space provided by the Army Ordnance Missile Command 


ina Jupiter nose cone to launch two monkeys into space. The passen- 
gers, a 7~pound rhesus monkey and a ]-pound squirre) monkey, riding 
in space capsules fabricated by the engineers of the AOMC, success- 
fully travelled about 1700 miles in about 15 minutes, attaining an alti- 
tude of approximately 300 miles, and were taken from the recovered 
nose cone in excellent physical condition. Physiological measurements 
obtained through telemetry during the flight indicated absence of severe 
stress during the flight. The magnitude of acceleration and deceleration 
were of the same order as given in (1) above. This successful project 
demonstrated beyond doubt the ability of man to predetermine with 
reasonable accuracy the nature and magnitude of the physiological 
stresses to be encountered, the tolerances of the monkeys to such 
stresses, and to construct space capsules which would afford sufficient 
protection of the animals concerned that they survived with no indica- 
tion of trauma during the flight (Figs. 49, 50, and 51). 


b. Achievements in Rocket and Missile Research 
(1) As a part of its continuing industrial health program, 


toxicologic studies of propellant fuels are performed at the Army 
Chemical Center, with fiscal support from the Medical Services of 
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Army, Navy, and Air Force. The information gained from this basic 
research is in turn applied by the Army Environmental Health Labora- 
tory in the form of recommendations on avoidance of hazardous expo- 
gure of individuals engaged in research efforts. 


Research and Development Resources 


1. In-House Technical Skills and Facilities 


a. Type of Personnel and Dollar Value of Facilities by 
Categories for Research and Development. 


(1) The Research and Development program of the Army 
Medical Service utilizes 992 professionali and technical, and 527 sup- 
port personnel in eleven laboratories located from Washington, D. C., 
to Puerto Rico, to Malaya. Thirteen percent of the professional and 
technical personnel are MD's and PhD's, This strength has shown 
little variation over the past five years, 


(2) The research and development budget for Fiscal Year 
1959 was 12.5 million dollars, and for Fiscal Year 1960 is 13.3 million, 
an increase of $800, 000. 


(3) The existing facilities encompass 640,000 square feet 
of floor space. 


(4) The 1,519 people presently employed by research and 
development can be roughly grouped into the following program areas: 


Position of the 250-Pound Biopack in a JUPITER Nose Cone 


Nutrition and Metabolism 29% 430 

Radiation 20% 303 

Surgery 19% 297 
oy Infectious Disease 13% 197 
Environment 11% 167 
Other 8% 125 


100% 1519 
| Thus, the Army Medical Service is staffed with individuals with ex- 
perience in environmental physiology, radiation, infectious disease, 
and nutrition. 


(5) The total dollar value of the Medical Research and 


119 


f 

2 

pan” 

5 

or 

{ 

ry 


454 BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 


Development facilities is approximately 225 million dollars, The 
categories of these facilities are as follows: 


Millions cf Dollars 


Nutrition & Metabolism 65 
Radiation 50 
Surgery 35 
Infectious Disease 30 
Environment 35 
Other 10 

225 


The yearly operating budget is 6,3 million and is distributed roughly 


into the following categories: 
Millions of Dollars 


Nutrition & Metabolism 1.8 
Radiation 1.3 
Surgery 1,2 
Infectious Disease 0.8 
Environment 0.7 
Other 0.5 
6.3 


2. Out-of-House Support 


The out-of-house contract program involved 393 contracts with 
137 universities and research institutes (9 profit and 128 non-profit), 
involving 1,550 professional scientists and 716 non-professional per- 
sonnel, Dollar value of these research contracts for this out-of-house 
support in 1959 was 6.2 million dollars, It was divided roughly as 


follows: 
Millions of Dollars 

Nutrition & Metabolism 1.4 
Radiation & Nuclear 1.0 

Surgery & Trauma 1.5 

Infectious Disease 1,0 
Environment 0.7 
Other 0.6 } 
6.2 


3. Advisory Services 
Because of the multiple facets of the present Army Medical 
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Service R&D Program, a total of ten advisory groups work intimately 
with the Army Medical Service: 


NAS-NRC Division of Medical Science 

Armed Forces Epidemiological Board 

Armed Forces - NRC Committee on Hearing and 
Bioaccoustics 
Vision 
Bioastronautics 

Advisory Committee on TSG on Metabolism 
Nutrition 
Psychophysiology 
Environmental Med 

Dental Research Advisory Committee to TSG 


These scientific bodies provide a means for: 
a. Review and advice on specific research projects, 


b. Review and presentation of the state-of-the-art in new or 
proposed areas of research. 


c. Review and advice on the adequacy of research programs, 
The 602 scientists who are members of these advisory groups insure a 
continuing and intimate contact between the Army Medical Service R&D 
Program and the biomedical sciences in the U. S, and abroad. 


OPERATIONAL CAPABILITIES 


Achievements 


1, Improvement in field support performance is demonstrated by 
percent of wounded who died after reaching medical treatment facilities 
in World War I, 8.1%; World War Il, 4.5%; and the Korean War, 2.5%. 


2. In peace time, the Army Medical Service has provided support 
to isolated and special units as in the Arctic, desert, tropics, and at 
high altitudes. It has supported isolated security stations and those 
units engaged in exceptionally hazardous duties, It has provided pre- 
vention and treatment for industrial hazards, injury and disease, 
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including those involved in fuel and other aspects of ballistic missile 
programs, It has established the physical, mental, and emotional qua). 
ifications for many diverse and unusual occupations, and on occasions 
manufactures special biological products for the prevention and treat. 
ment of disease. 


Skills and Facilities 


1, In view of the present and potential disposition of Army forces, 
the Medical Service has had to develop many skills ranging from pro- 
tection of the individual to modification of his environment, as reflecteg 
in area sanitation and insect control. In fact, the Army Medical Ser- 
vice has had to develop and maintain a capability to insure medical 
protection and service anywhere on this planet. This particular 
ability to foresee, define, and avoid medical problems in new and 
unusual environments is applicable to medical support of Army per- 
sonnel at space stations. 


2. The mission is listed briefly for the 12 Research and Develop- 
ment Units of the Army Medical Service. 


a. U.S, Army Medical Research and Development Command 


(1) To plan, initiate, coordinate, supervise, execute and 
review the AMEDS R&D Program, designed to meet the needs of the 
Army in the fields of health. 


(2) To command AMEDS Research and Development 
Units, activities, and installations, and perform research and develop- 
ment staff functions for the Surgeon General as directed. 


b. Walter Reed Army Institute of Research 


(1) To conduct research and evaluation studies in the 
military aspects of the biological and medical sciences, correlate 
these findings with data from other sources, and disseminate the basic 
tenets derived therefrom in a graduate educational program as required 
for the national defense. 


(2) To plan and conduct the Army Medical Service's 


medical, dental, veterinary, and allied sciences advanced technical 
and graduate educational programs required for the military aspects 
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of professional practice in support of the Army's mission in national 


defense. 


(3) To plan and conduct research and development in 
relation to this program on approved projects as assigned by The 


surgeon General and to correlate those research activities within its 
sphere that are conducted by other Medical Service laboratories, 


(4) To provide advisory services on problems in pro- 
cedure or technique in military medicine, dentistry, and veterinary 
medicine; provide special technical quality control where required, 
and conduct development studies in relation to biologic products pre- 
senting problems of military importance. 


(5) To act as a diagnostic reference source for installa- 
tions of the Army for difficult medical service problems and evaluations 
that require complicated analyses or tests not available in other Army 
installations. 


(6) To perform such other duties as may be assigned by 
The Surgeon General, 


(7) Provide technical supervision for research conducted 


by: 
(a) U. S. Army Medical Research Unit, Malaya. 
(b) U. S. Army Medical Research Unit #1, Landstuhl. 
(c) U. S. Army Medical Research Unit, Panama. 
c. Medical Equipment Development Laboratory, Fort Toten, 


The design and development of new items of military 
medical equipment; plan and execute improvements to existing military 
medical equipment for the medical services of the Armed Forces. DOD 
Directive 5160.23, 23 March 1957, vests the technical control and super- 
vision of joint medical material development projects in the Armed 
Services Medical Material Coordination Committee. 


d. U. S. Army Prosthetic Research Laboratory 
Conducts fundamental and applied research, development, 


testing, and training in the technique of fitting new devices in the field 
of orthopedic prosthetic appliances. 
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e. U. S. Army Medical Research Unit, Malaya 


Provides an organization for special research activities 
being conducted in Malaya and North Borneo in collaboration with The 
Institute of Medical Research, Kuala Lumpur, Malaya, and other 
governmental services in that area, 


f. U. S. Army Medical Unit, Fort Detrick, Maryland 


Conducts studies of research problems of a sensitive 
and classified nature. The prime object of these studies being related 
to defensive aspects of biological warfare requires an effort between 
the Army Chemical Corps and the Army Medical Service, 


g. U.S. Army Tropical Research Medical Laboratory, 
Puerto Rico 


Conducts tropical medical research unencumbered by 
additional secondary missions. 


h. U. S. Army Medical Research Laboratory, Fort Knox, } 
Kentucky 


Conducts basic and applied research on physiological, 
biochemical, biophysical, psychological, and psychophysiological 
problems that have military significance. This includes research on 
physiological and psychophysiological responses to various environ- 
mental factors such as heat, cold, radiation, noise, vibration, and 
all other microenvironmental and microenvironmental factors which 
affect the soldier's operating efficiency or ability to survive; the 
biological and medical aspects of ionizing radiation; research directed 
toward improvement of x-ray and photographic techniques used by the 


Army Medical Service; field research; and studies on human engineeriy 
problems arising from expanded global military ope rations. 


i. U. S. Army Surgical Research Unit, Brooke Army Medical 
Center, Fort Sam Houston, Texas 


Investigates problems of mechanical and thermal injury 
and the complications arising from such trauma; cares for patients 


with such injuries; and provides clinical research material for adequate | 


studies. Teaches and trains other personnel in the management of 
injured patients. Conducts investigative studies at both the basic and 
clinical levels, 
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j. U.S. Army Medical Research and Nutrition Laboratory, 
Fitzsimons Army Hospital, Denver, Colorado 


(1) Investigates the adequacy of the soldier's diet and 
determines the nutrient intake; assesses the health as related to 
nutritional status of troops in all environments, recommends nutri- 
tional measures designed to insure that the troops are as healthy and 
fit as is compatible with local danger, disease, and environment; 
devises and recommends nutritional means to prevent disease and 
damage to troops under all conditions; and observes and makes recom- 
mendations on the nutrition and nutritional status of civil populations 
under military control, 


(2) Conducts research on Medical and surgical problems 
of special interest to the Army. 


k. U. S. Army Medical Research Unit, Panama 
In conjunction with other United States Governmental 


agencies conducts research on medical and environmental problems of 
military importance in the Middle Americas, 


1, U. S. Army Medical Research Unit #1, Landstuhl, Germany. 


Conducts research on military medical problems of 
importance to the maintenance of the effectiveness of Army personnel, 
Initial studies will be concerned with radioactivity in man. 


CONCLUSION 


There are many medical problems associated with space flight 
via ballistic missiles and space life, whether on a space platform, the 


| moon, or another planet, other than those previously associated with 


travel in the air and under the sea, Army Medical Service experience 
and capability in problems of closed space, such as submarines, in 
acceleration and deceleration, and in variations in atmospheric pres- 
sure and composition, have been small compared to that of the medical 
services of the Navy and the Air Force, On the other hand, Army 
experience and capability in the field of infectious disease, environ- 
mental stress, nutrition, metabolism, physiology, and psychology, 
have been exceedingly extensive. Much of this broad experience and 


_ capability is directly related to solution of space problems. The 
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Army Medical Service has repeatedly demonstrated its ability to cope 
with problems arising from new environmental health hazards, natura) 
and artificial, to which Army personnel have been exposed, and to 
solve those problems in such a manner as to enable the Army to per. 
form its mission successfully, The Army Medical Service is prepare, 
to provide the required medical service, in terms of research to meet 
problems now known and those as yet not identified with space traye] 
and operations, It is concluded that the Army Medical Service can cop. th 
tribute significantly.to solution of the biomedical aspects of space 7 
exploration. 
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CHAPTER VI: QUARTERMASTER CORPS 


ROLE OF THE QUARTERMASTER CORPS 


The Quartermaster General continually stresses the needs of 
the individual man. The Quartermaster Corps develops, provides, and 
maintains food, clothing, individual equipment, petroleum (except field 
and higher echelon maintenance of pipelines) and general supplies, in- 
cluding aerial supply equipment. It provides maintenance and services 
support for the Army, and as assigned, for the Navy, Air Force, and 
Marine Corps. The Quartermaster General is the Single Manager for 
all the Armed Services for food and for clothing and textiles. In the 
field of general supplies, his responsibilities range from house-keeping 
and office supplies, through warehouse materials-handling equipment, 
to special items used by the soldier in a variety of environments. The 
Quartermaster General provides for the care and disposition of the re- 
mains and personal effects of deceased personnel of the Army, andas 
directed or agreed upon of the Navy, Air Force, and Marine Corps. 
Since the Quartermaster Corps has a continuing responsibility for feed- 
ing, clothing, and equipping Army troops under many different condi- 
tions, it maintains a vigorous research and engineering facility. The 
Quartermaster organization may be considered as being always "'on a 
war footing.'' The differences between war and peace are of degree 
only, insofar as QNuartermaster operations are concerned, 


Recent Projects Related to Missile and Space Field 


The Quartermaster Corps has already made significant con- 
tributions to the national space program, and others can be anticipated 
in the near future from research and development already initiated. 

The Quartermaster Corps can provide research, development, logis- 
tic support and materiel required in approximately twenty areas. These 
support activities are generally grouped into four categories: 


Food 

Clothing 

Packaging 

General Supplies, to include: 
1. Individual Equipment 9. Materials Handling 
2. Hand Tools Equipment 
3. Sleeping Gear 10. Food Service Equip- 


ment 
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4, Multi-purpose Shipping Personal Sanitatio, 
Containers Equipment 

5. Lubricants 12, Germicides and 

6. Heaters, to Provide Water Deodorants 
for Washing and Food 13, Religious Supplies | ™ 
Preparation 14, Recreation Supplie, | °° 

7. Stationery 15, Parachutes and | # 

8. Repair Parts for QM Equip- Accessories in 
ment 16, Heraldry mi 


17, Memorial Activitie | fe 


This program emphasizes support of the individual man, 

Non-perishable food pastes and tablets have been developed fo; | “ 
introduction through the pressurized helmet of high-altitude flyers, ang | 
for consumption under zero-gravity conditions. Meals and individual ot 
food items, which can be quickly and easily prepared for consumption | ™ 
in confined spaces, have been developed and utilized in high-performang | up 


aircraft and in nuclear-powered submarines. , te 


The concept of utilizing algae for food production on long space 
voyages, as well as for oxygen regeneration has been advanced, and 


chemical methods of rendering the algal product acceptable as a food pr 
component have been developed. y 
0 
The effect to confinement, up to 40 days, has been studied on . 
small groups of men, and the significance of environmental factors upon 
these effects has been investigated. J 
Basic studies have been initiated on the detailed photo-chemistn! . 
of light-sensitive systems, with a view to the better utilization of photo. | de 
synthesis and the ultimate objective of establishing a photo-synthetic pe 
analog independent of living material, which could be utilized in food ai 
production on space vehicles and planetary bodies, I ati 
The Quartermaster Corps has developed rocket fuel handler's * 
clothing, temporary missile maintenance and check-out shelters, air | 
supported maintenance shelters, and materials handling equipment, h | tec 
addition, Quartermaster human engineering and operational analysis re 
teams have carried out studies on the REDSTONE, LACROSSE, HONESI | ore 


JOHN, HAWK, LITTLE JOHN, TW-201, and SERGEANT missile system) 41 
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Projection of Space Activities 


By virtue of its long and extensive experience in supporting 
human operations under all conditions, supplemented by an active re- 


_ search and development program as indicated in the foregoing para- 


raphs, the Quartermaster Corps is confident that through food, cloth- 
‘a personal equipment, and supply procedures, it can continue to 


| maintain man's operational efficiency unimpaired, wherever it proves 


feasible to send him in space, 


In the matter of food and feeding, a dual program is envisaged. 


On the one hand, methods of food preparation under space and planetary 


| conditions will be improved so as to permit the utilization of a wider 


variety of items, with greater satisfaction to the individual. On the 


) other hand, new foods and new methods of food production will be pur- 


sued which will reduce the dependence upon earth support, and capitalize 


_ upon the conditions prevailing in a particular space situation, The cur- 


rent work on concentrated feeding, unitized meals, dehydrated foods, 
algal growth, and photosynthetic analogs will be extended. 


Special mention should be made of the current and projected 
program in irradiation preservation of food. During the last five years, 
the Quartermaster Corps has led the national effort in exploring the use 
of ionizing radiation in preserving foods. Foods preserved by this method 
may well be the ''food of choice'' in many aspects of space colony living. 
Itis proposed that a U. S. Army Ionizing Radiation Center be built at 
Sharpe General Depot, Stockton, California, Although primarily intended 
to be used as a pilot plant to irradiate foods, this facility could be avail- 
able for other Army needs calling for a source of gamma or beta rays. 

_ This center, when completed, would be invaluable in connection with the 
developing of ionizing radiation sterilization techniques, This laboratory 
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facility would also permit the Army to telescope the research and develop- 

_ ment lead time in solving problems involving the effects of ionizing radi- 
ation on a variety of materials--paper, films, plastics, metals, rubber, 

' fabrics, and leather. 


| Quartermaster Corps studies that have already shown a pro- 
_ tective effect of some foods for certain animals exposed to ionizing 

_ radiation, will be extended to other species, and the implication for 

| protecting man against cosmic and other space radiation (e.g., Van 
Allen Belts) will be thoroughly examined, 
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At the large Solar Furnace (10 KCAL/sec) recently put into 
operation at the Quartermaster Research and Engineering Command, 
studies will be made on the potentialities of high flux solar energy, 
such as its conversion to power by thermionic or other modern tech. 
niques, on the possibility of its utilization for food production, on its 
effect on planetary materials, and on other uses to which it may be 
put in space operations. 


The capabilities which enabled the Quartermaster Corps to 
give the individual soldier protection against all terrestrial environments 
soon after the outbreak of World War II, are now being applied to pro. 
viding similar protection against space conditions, especially through 
the design of protective suits. 


Recent advances in techniques of energy transfer are now 
being applied to the development of a thermalibrium clothing system, 
in which the man is maintained in thermal balance over a wide range 
of external environments despite changes in activity. This will be 
brought to an operational level in the near future, 


RESEARCH AND DEVELOPMENT CAPABILITIES 


Achievements 


After World War II, the Department of Defense gave official 
recognition to the ''Single Agency'' management of food and associated 
problems by assigning cognizance for research and development in this 
area tothe Army. The Quartermaster Corps was then delegated the 
Department-of-Defense-wide food responsibility, Today, the Quarter- 
master Corps position in food technology is unique, in that it has the 
only completely integrated organization capable of handling all aspects 
of food, from research to procurement, supply, and distribution, 


The shift from the stable, trench warfare of World War I to 
the increased mobility tactics of World War II, made field kitchens im- 
practical as the primary basis of combat feeding. These new require- 
ments were satisfied by the development of a family of packaged rations-- 
for preparation and consumption by individuals and by small tactical 
groups. (C Ration, D Ration, K Ration, 5-in-l Ration, 10-in-1 Ration, 
etc., are examples), 
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As the operating range of fighter planes increased during World 

: War Il, it was found that pilot performance was being impaired by low 

a, blood sugar. To meet this problem, a special packet was designed that 

h could be opened with one gloved hand, and a variety of coated (non- 

wi sticky) candies and other snack foods dispensed directly into the pilot's 

e mouth, Today the problem is still more complicated. Refueling is ac- 

" complished at altitudes requiring the use of a full-pressure helmet and 
no longer does the opportunity exist for simple eating and drinking at 
that time. This problem has been solved by the development of a family 

: of liquid and paste foods which can be fed into the pressure helmet 

wr through a tube entering a special port in the helmet, Paste foods in 

st collapsible tubes are suitable for consumption under zero gravity condi- 

gh tions. Liquids can also be prepared in this fashion (Fig. 52). 

The fact that the cruising range of nuclear-powered submarines 
could be limited by food-carrying capacity was quickly recognized in 195l, 
si A series of developments to alleviate this situation was soon initiated. 

4 The first step concerned the preparation of foods comprised only of ed- 
ible material, The second step was to find ways to preserve food with 
less loss of acceptability than occurs with canning -- especially with 
meats. The use of ionizing radiation, and new approaches to dehy- 
drations, offer considerable promise in this respect. A third step was 
to compress the air space, For example, flour has been reduced 15% 
in volume with no loss in quality. This work is now being directed to 
other commodities. The Nautilus submarine has made special tests 

i to determine the most effective use of newly developed items, and sim- 

a ilar tests have been made on the submarine Skate. 

ve A system has been developed by the Quartermaster Corps and 

ens approved by the Continental Army Command to meet the increased mo- 

* bility and dispersion that is inherent in future Army organization. In 

sate this system, a ration has been devised which permits an unskilled man 
with only water heating facilities for equipment, to prepare a hot, tasty 
meal for six men, in less than one-half hour. 

yeni Missions and expeditions in Antarctica, on the Greenland ice 

ail cap, on an ice island, and in Alaska have been successfully supplied 

Madi with foods suitable for use by small parties. Army units of all sizes 

1 were fed during World War II in a variety of jungle and desert and 

ois mountain conditions. These challenges were successfully met, and the 
experience gained is invaluable in meeting the more rigorous conditions 
of space operations, 
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The Quartermaster Corps has developed valuable experience 
in feeding man operating in confined spaces over extended periods, 
through participating in the feeding of crews of nuclear-powered sub- 
marines, where the problems are chiefly those of providing highly ac- 
ceptable foods which occupy minimum storage space. 


The Quartermaster Corps has led the national effort over the 
jast five years in exploring the use of ionizing radiation in preserving 
foods, It has included work at the level of almost $1 million per year, 
coordinated with the Army Medical Corps, on the safety of the process 
to the consumer of these foods, Major effort has been expended on under- 
standing the mechanism of the sterilization effect, and the chemistry and 
physics of unwanted side reactions. Application of the process in the 
light of modern technology has been studied over the whole gamut of food 
commodities. Sterilization effectiveness of the process has been demon- 
strated and process levels established. Dosimetry has been markedly 
developed to control application of the radiation. Health safety testing 
is still proceeding, but no detrimental effects have yet been found after 
several years of testing. Several key commodities have been success- 
fully sterilized and stored without refrigeration, 


The increasing importance of ionizing radiation in the human 
environment has led to exploratory work on the effects of diet in raising 
or lowering tolerance toward exposure of man to radiation. It has been 
shown that certain foods markedly reduce the mortality rate in guinea 
pigs and rats exposed to doses of irradiation which produce death in 
practically all of the control animals. The significance for man is being 
studied, 


Many of the chemical systems responsible for food flavor have 
been uncovered, and the results are being applied to such practical prob- 
lems as the regeneration of flavor lost in food processing, prevention or 
removal of undesirable flavors, and increasing stability of flavor in stor- 
age, 


The Quartermaster Food & Container Institute is growing cultures 
of several species of algae and has already significantly improved the ac- 
ceptability of the product through safe chemical treatment. This work, 
which has been in progress for over two years, is being expanded in FY 
1960, As facilities permit, algae will be converted into fish and poultry 
feeds, Fish processing and utilization under restricted conditions have 
been given intensive study in cooperation with the Fish and Wildlife Ser- 
vice, at least since World War II (Fig. 53). 


133 


r 
| 
a 
| 
‘| 
“ 
| 
| q 
| 
| 
| 
| 
| 


468 BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 


oOo 


>>. 


ss a. 


ger: aw 


Fig. 53. Experimental Algae Circulation System At QM Food and | of 
Container Institute 
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Hydroponic growth of salad vegetables would accomplish many 
of the same purposes as an algal colony, The Quartermaster Corps 
has outstanding competence in this field, having established and oper- 
ated large hydroponic installations during and since World War II. A 
large hydroponic farm is currently in operation in Japan, 


The clothing available at the outbreak of World War II suffi- 
cied for the range of environments encountered in the course of normal 
garrison duty in the United States, but the protection afforded was in- 
sufficient for difficult or long-continued combat conditions in the cold- 
dry and cold-wet areas. This clothing also interfered with evaporation 
in hot and humid conditions, severely limiting work capacity, and pro- 
moting various casualty-producing skin conditions in those regions, 
The Quartermaster Corps launched a two-way attack upon this problem, 
first, by mobilizing the experience of explorers and field workers who 
had successfully conducted operations in various extreme environments, 
and second, by instituting an extensive program of both basic and applied 
research on physics, physiology, and technology of human heat balance 
and its control through clothing and individual equipment, Within a short 
space of time, the findings of this dual program were translated into 
radical improvement of clothing, and consequent reduction of casualties 
and an increase in operational efficiency. 


The findings and experience of World War II have been consoli- 
dated, the scientific investigations greatly extended, and improvements 
in clothing greatly increased since that time. Figure 54 indicates the 
marked increase in protection against cold conditions achieved over the 
period 1945-1955, The introduction of the insulated boot markedly re- 
duced frostbite casualties in the later stages of the Korean War, and 
further improved models have since reduced foot casualties in Europe 
to the vanishing point, . Protection has similarly been afforded against 
the cold-wet conditions responsible for trench foot, 


To meet the requirement for incorporating protection against 
the thermal effects of nuclear weapons, various devices have been de- 
veloped, 


Recent advances in the technology of energy transfer, such as 
the development of thermo-electric systems, have made it possible to 
pursue the concept of a thermalibrium suit. Basically, this consists 
of a totally enclosed suit of moderate insulation, in which the amount 
of heating or cooling required to maintain a man in thermal balance 
isautomatically supplied. Work is under way to reduce the power 
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Fig. 54. Pushing Back the Ice Cap 
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supply, heat exchangers, and distributing system toa wei on and size 

| that can be carried by man. To this basic suit system, applicable to a 
wide variety of environmental conditions, will be added the impermeabil- 

| ity desirable for CBR protection, the anti-ballistic materials required 

| for protection against weapon fragments, and shielding required for 

} protection azainst weapon fragments, and shielding required for pro- 

' tection against thermal weapons. Mobility will be increased by the 

| ,ddition of a rocket belt, 


The protection against fragmenting weapons, limited to the M-l 
Hadfield steel helmet in World War II, has been extended to the thorax, 

| for the infantry, through the development of the armored vest. The 

| game material affords combat vehicle crewman ballistic protective hel- 
mets incorporating communications equipment, In addition, pilots now 
have the protection afforded by the armored vest and groin armor. An 
extensive research & development program in body armor is being con- 
ducted by the Quartermaster Corps. 


For special situations, special items have been developed to 
replace or supplement standard clothing. In response to the threat of 
mass fires from atomic weapons, the expendable, aluminized, paper- 
| based fire fighter's uniform was developed, For work in icy waters 
and high wind chill environments, the cold bar suit, was developed, 

The requirements generated by toxic chemical and rocket fuels brought 
into being the rocket fuel handler's suit. A special combat vehicle 
crewman's helmet was developed in which the multiple protection, com- 
patibility with Ordnance equipment, acoustic acceptability, and comfort 
were optimized (Fig. 55 and 56). 


Essential to these developments have been the accomplishments 
ia the field of material research and development. In textile research, 
development, evaluation, and application, the Quartermaster Corps has 
led the industry, continuously developing lighter weight fabrics while 
maintaining the functional characteristics, Fabrics from wool, cotton, 
nylon, dacron, dynel, fortisan, viscose rayon, polyethylene, polypro- 
pylene, fiber K (an elastic fiber), etc., have been engineered on a con- 
tinuing basis, By strategic use of these materials, it is now possible 
to design Arctic uniforms weighing 8 pounds less, The development of 
a special treatment for cotton, and a spacer fabric of polyethylene, have 
resulted in increasing protection against the thermal effects of nuclear 
weapons, Polymeric fibers of high melting point, yielding even greater 
protection, have been developed, 
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The Quartermaster Corps has led the Department of Defense 
in development of polymers, including rigid and foamed plastics and qua 
rubbers, for application in clothing. In Chemical protection, the Quarte, tec! 
master Corps has developed a sealed fabric weighing 10 ounces per S quar; rec 
yard, which will give the wearer complete protection from all of the fue), loft 
and oxidizers used in missiles today, 


imag 
ofc 
fork 
mel 


For ballistic protection in clothing, the Quartermaster Corps 
has led the Department of Defense in research, development, and appli. 
cation, 


Responsive to many needs, the Quartermaster Corps has also ag 
developed leathers with special functional properties; e.g., cold climate * 
leathers, petroleum resistant leathers, chemical resistant leathers, ang ' 
thermal protective leathers and equipment, ® 

Anthropologists, stress physiologists, environmental specialists re 
and human engineers have made distinctive contributions to the clothing - 
development. An important factor in serviceability of field-combat cloth. r 


ing is proper fitting characteristics, in the minimum number of sizes - 
to allow maximum efficiency in storage and issue, Quartermaster Corps “a 
anthropologists compiled body measurements of thousands of soldiers of wi 
all military body types. Asa result, the Nine Standard Tarriff Size Sys. er 
tem replaced the former system which has as many as forty sizes in cer. os 
tain garments, Studies were made on such factors as physiological 0 
stresses involved with loads in traversing inclines and declines; travel. ‘ 
ling over snow, sand, mud, etc,, and moving on skis and snowshoes, 
This research resulted in establishing the basic principle that the soldier , 
himself must be considered an integral part of all load-carrying systems, We 
Human engineering studies are now carried out on every development oe 
because of the incompatibilities discovered between the man and the a 
machine, some of which were traceable to the machine and some to the aa 
clothing. Furthermore, these human engineers are now being utilized ies 
at every step in the design and development of clothing and hardware, Mon 
To meet its responsibilities for delivering a very wide range of i 


supplies in good operating condition, over long distances, and subjected 
to innumerable hazards of transit, the Quartermaster Corps has con- 
ducted an extensive and continuous research and development program 
in packing and packaging. This program has been further extended to 
cover the Army-wide responsibility for aerial delivery and distribution 17 
of petroleum, oils, and lubricants, 
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In the preservation of food by means other than heat, the 


Because of the diversity of items supplied by the Quarter- 
|master Corps - meat, dehydrated rations, corrosive chemicals, bales 
rps of clothing, repair trailers, field maintenance shops, and rough terrain 
+PPli- fork lift trucks - the Quartermaster Corps has unparalleled require- 
ments for packaging materials and packing techniques. In the pack- 
aging of dehydrated foods, the Quartermaster Corps led the way in the 
aleg jevelopment of flexible containers, These containers can maintain the 
limate od in a vacuum until ready for use, Withstanding 212°, and being ex- 
S, and yandable to provide for increased volume required when the hot water 
ljsadded, they serve as reconstitution vessels, eliminating the need for 
: \itchen utensils, Flexible containers for heat-processed food have been 
calla developed which replace the conventional tin can with a saving in weight 


thing ofas much as 80%, withstand temperatures of 250°F for 20 minutes, 

t cloth. land can be heated by an open flame, For in-flight feeding, hermetically 

spss sealed metal tubes for packaging of food were developed, Containers 

Cong have been designed for feeding under zero gravity conditions, Another 

re. jovel packaging technique is the contour packing of clothing under vacuum 

xe Sys- into a tight package, with a reduction of 30% in volume over conventional 

18 Se methods, and protection against moisture, fungus, and bacterial damage. 
The same technique has been applied to metallic replacement parts, elimi- 

avel. mating the need for contact preservatives as well as reducing the volume 

lofthe packaged item, Methods of compression-packing of flour in the 

soldier lcontainer havé been developed, resulting in 20% increase in payload per 

fotemng package. Mechanical systems related to packing, such as aerial delivery 

mF jeuipment, POL distribution equipment, and materials handling equip- 

7 iment, are discussed later. Mention should be made at this point, how- 

0 the wer, of several shock-absorbing techniques developed by the Quarter- 

ised master Corps, now taking their place in commercial practice, Pneumatic 

bg. ‘dunnage for rail and ship transportation, paper honeycomb shock absorber 
replacing the inefficient felt pad for aerial drop purposes, and the still 

sal more efficient foamed plastics are prime examples. 

jecte 

~~ 2 In addition to being the best fed and the best clothed, the 

ae erican soldier is also known as the best equipped soldier in the 


tid, The Quartermaster Corps throughout its history, starting 
ution 1775, has been dedicated to this ideal, and has continually im- 


proved the individual soldier's equipment and methods of supply, 
fs tactical concepts required or as technology permitted. The 
| 


14) 


| 


i 
ise quartermaster Corps has been the military leader in applying the a 
d techniques of dehydration, quick freezing, pre-cooking, and more # 
duarter recently, preservation through ionizing radiation. The significance Pe 
| Square | these actions for the civilian economy are well-known, es 
fuels 
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tremendous improvement effected in the operational capabilities 
of the individual soldier in World War II has been greatly extended by 
new and more effective sleeping gear, load carrying equipment, and 
mountain climbing equipment. Equipment necessary to feed the soldier 
has also been drastically revised in accordance with both changing 
technologies and new tactical concepts. In the simplified food logistics 
program, for example, the goal is to reduce the requirements for field 
food preparation, personnel and equipment by single meal preparation 
and by the use of expendable utensils, This program is designed to 
minimize the need for corrugated cans, officers' mess outfits, field 
cooking ranges, insulated food cabinets, and conventional metal knives, 
forks, and spoons, Weight reductions up to 40% will be achieved, Ex. 
pendable heaters will be used for heating water. This general back- 
ground, and the effort already under way, will accelerate the solution 
of food service equipment problems associated with space exploration, 


The Quartermaster Corps has a continuing program for the 
development of field shelters, which is responsive to the needs of the 
Army. Personnel tents and aircraft and vehicular maintenance shelters 
have been developed to meet the needs of the new mobile Army, Parti. 
cularly applicable to the missile program are the missile checkout shel- 
ters and the maintenance shelters. The ''Pentadome" structure is an 
air-supported structure made out of an impermeable coated fabric, The 
central component is 85 feet high and 150 feet in diameter at the base 
(Fig. 57). 


In order to assure the individual soldier of full support, the 
Quartermaster Corps, even prior to World War II, led the industry in 
the development of materials handling equipment, introducing unitized 
and palletized loading, in conjunction with supporting mechanical equip- 
ment such as fork lift trucks, A combination of maximum efficiency 
and versatility in equipment has been the constant objective. Examples 
are shown in Figure 58, The 6,000 pound and 10,000 pound rough 
terrain fork lift trucks demonstrate extremely versatile handling equip- 
ment applicable to the earth base. The 10,000 pound truck has been 
provided with a slewing boom attachment, which makes this a multi- 
purpose item and reduces the need for a crane (Fig. 58). In the engi- 
neering design stage are ultralight, rough terrain fork-lift trucks, 


The success of the airborne operations of World War II led in- 
evitably to the concept of an aerial system, not only for personnel, but 
also for the delivery of materiel. The Quartermaster Corps, under 
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Fig. 57. The All-New Air-Supported Coated Fabric Pentadome 
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Fig. 58. Materials Handling Equipment — 
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assignment from the Department of the Army, has developed this 
capability through the development and introduction of the improved 
personnel and cargo parachutes, cargo platforms, energy dissipators, 


| and support equipment. The ''Lobber,'' the first logistic missile, 


was developed for emergency supply; however, the concept opens 


yp a whole new horizon in supply technique (Fig. 59). 


The Quartermaster Corps manages the Army program for the 
research and development of equipment for the distribution of petroleum, 
oils, and lubricants. This program embraces the Corps of Engineers, 
Ordnance Corps, Transportation Corps, Signal Corps, and the Quarter- 
master Corps. In addition to the management of this program, the 
Quartermaster Corps has developed a variety of collapsible containers, 
ranging from five gallons to 10,000 gallons, including those for con- 
version kits for marine craft, aircraft, and armored personnel carriers, 
class III supply point assemblages, and quality control equipment. 


Intensive environmental research was started in 1942, as an 
integral part of the program mentioned earlier which resulted in pro- 
tection of the soldier against the full range of terrestrial environments, 
Using large climatic chambers (Fig. 60) and other extensive facilities, 
four objectives have been systematically pursued under an Army-wide 


| assignment: 


(1) Determination of the nature, distribution, and frequency of 
important environmental factors, 


(2) Determination of the effect of these environmental factors 


| upon human performance, 


(3) Establishment of systems for predicting the performance 


efficiency of men under given conditions, 


(4) Establishment of the principles whereby man and materiel 
can be protected against environmental hazards, 


These objectives are being extended to embrace the environments of 
space, 


The incidence of some fifty environmental factors throughout the 
land areas of the world has been compiled in detail, and their significance 
for human performance and materiel reliability estimated. 
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‘SUPPLY 


BALLISTIC 
VEHICLE 


146 


— 
= ef. } 
=< | | | 
ge 
3 
— 


BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 481 


Ballistic Resupply Vehicle 


The "Lobber", 


59. 
Fig. 60. Testing in Man-Made Environments 
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The effect of heat, cold, and other environmental conditions 
upon human physical and psychological performance has been systematj. 
cally studied, and the further effects of food, clothing, and activity 
pattern upon these responses have been investigated. 


Tentative methods have been developed for predicting the 
operational efficiency of the soldier under various degrees of heat and 
cold, and the further effect of food and water deprivation upon that 
efficiency. The interim results are available for planning purposes, 
but full publication is being withheld pending further improvement in 
the prediction systems, 


The basic biophysics of heat transfer between man and his 
environment, and the effects of various clothing and shelter systems 
upon that transfer, have been elucidated, and the results applied to 
practical design. 


The effect of special equipment, such as body armor, chemi- 
cally protective clothing, and thermal protective devices, upon human 
heat balance and efficiency has been established and the information 
applied to design. 


Human engineering principles have been applied to maximizing 
the operational efficiency of the Quartermaster-equipped man, and to 
the compatibility of special items, such as the fuel-handler's suit, with 
the task situation. 


All of these achievements have important implications for the 
space problems of the future. 


A steady program of supporting research, covering a fairly 
wide spectrum of scientific fields, has provided the basic information 
which made possible the numerous successful developments enumerated 
in foregoing sections. Much of this quietly serves the various fields 
of applied interest without being spectacular in itself; but, from the 
wide range of investigations that have been conducted over the past 


fifteen years, certain findings and discoveries are of unusual importance, | 


It has been shown that many food flavors are due to the libera- 
tion of active substances from non-stimulating precursors by means of 
enzymes, The nature of many components has been established, and 
means of controlling or restoring food flavor established, 
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The nature of molecular changes in polymeric materials which 
have been subjected to stress has been established, and the theoretical 
implications applied to the invention and selection of materials more 
suitable to particular uses, 


The largest solar furnace in the Western hemisphere, deliver- 
ing 10 KCAL/sec, has been designed, built, calibrated, and is now in 
operation (Fig. 61). 


The severe limitation formerly placed upon the use and dura- 
bility of rubber under severe climatic conditions has been greatly re- 
duced by a continuous program of chemical and physical research, 
Numerous compounds are now available which maintain their elasto- 
meric properties, and a high degree of chemical resistance, under 
both low and high temperatures, 


A detailed theoretical study of the fluid dynamics of jet com- 
pression, supported by laboratory testing of results, has provided the 
basis for a marked improvement in the efficiency of such gas-driven 
systems as dehydration equipment, refrigeration, and solar energy 
distribution systems, 


Systematic studies on the effect of foods upon the response of 
test animals to ionizing radiation showed that certain foods provided a 
significant measure of protection, Should further investigation support 
the idea that man's tolerance may be similarly affected, an important 
addition to the family of radiation-protective devices will have been made. 


Research and Development Resources 


The 617 military personnel and 1620 civilian personnel in the 
Quartermaster Corps Research and Engineering organization form an 
integrated scientific and technological organization which vigorously 
supports the Quartermaster Corps mission, These personnel are located 
at the Quartermaster Research and Engineering Command, Natick, 
Massachusetts; the Quartermaster Food and Container Institute for the 
Armed Forces, Chicago, Illinois; and the Quartermaster Field Evalua- 
tion Agency, Fort Lee, Virginia; and the Maynard QM Test Activity, 
Maynard, Massachusetts, The scientific skills of colleges and universi- 
ties and industry also are used by the Quartermaster Corps to aid in the 
solution of its problems (Fig. 62). 
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QUARTERMASTER CORPS 


TECHNICAL AND PROFESSIONAL SKILLS 


Fig. 61. The QMC Solar Furnace - largest in the Western Hemisphere (Temperatures to 5,000°F) 


Inthropologi sts 
Aerodynamic Engineers 
Blologi sts 
Bacteriologists 
Chemists 

Chenical Engineers 
Clothing Technologists 
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Entomologists 
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General Engineers 


Applied to: 


Food 


Clothing 


Geographers 

Home Economists 
Mathematicians 

Mechanical Engineers 
Microbiologists 

Military Analysts 
Military Apparel Specialists 
Mycologists 

Nuclear Effects Engineers 
Nutritionists 
Psychologists 

Physicists 
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The Quartermaster Corps negotiated 385 R&E contracts in | GC 

Fiscal Year 1958, 121 of which were with universities or non-profit th 
organizations. sl 
of 

The no-cost agreement is a technique used extensively by the pe 
Quartermaster Corps to bring industry into the Corps research and . 
e 


development effort and to enable the Army to phase technical know-how 
into the civilian economy at an early date. At present, the Quarter. 
master Corps has 45 no-cost agreements; 20 in foods, 8 in containers 


and packaging, 5 in chemicals, and 12 in climatic studies, z 
0 

Tl 

OPERATIONAL CAPABILITIES 

is 

Achievements 

ni 

Mobilization for modern war is a gigantic task. As an example Fe 

of the magnitude of the Quartermaster Corps operations during World * 
m. 


War II, the total value of Quartermaster Corps supplies delivered dur. 
ing the period January 1942 through December 1945 was approximately Pe 
$22 billion. This figure represents 30% of the total Army Service 


Forces procurement during that period. : 
During World War Il, approximately 6,000 different sizes of a 
items of clothing and footwear were stocked and issued. The task con- 
fronting the Quartermaster Corps in clothing and equipping the pros- 
pective Army during the early days of World War II was one for which “ 
there were no precedents, > 
The Quartermaster Corps contributed to the success of the - 
Normandy invasion and its supporting supply plan, by providing Quarter. . 
master items in sufficient quantities to meet the needs of the invasion : 
forces, Assault troops were furnished a high energy content ration so - 
that the Normandy invasion forces would be in tip-top shape on landing, a 
A special ration was furnished for issue to the wounded as they were 
returned to England. For the assault troops, the Quartermaster Corps 


also furnished 10-in-l rations, ''C'' and ''D'"' rations. In connection with 
the provision of food for our Armed Forces, it should be stated that the 19% 
requirements for the Army Food Program alone during this period 
approximated 12% of the Nation's allocable food supply. 


The Quartermaster Corps has been called upon "to deliver the goods" tas 
in nine major conflicts from the American Revolution to the Korean War, 
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Contracts placed with American industry during the first ten months of 

the fiscal year 1951 totaled nearly $2 billion. These contracts covered 

such items as textiles, equipage, footwear, and chemicals, The cost 

of foodstuffs alone for the Army approximated $600 million, The dis- 
tch with which the Quartermaster Corps fulfilled its obligation to 

feed, clothe, and equip the Army for global wars bears testimony to the 

efficiency of the organization, 


Illustrative examples of extraordinary operations of the Quarter- 
master Corps during World War II serve to highlight the potential of this 
logistic organization for accomplishment of tasks of staggering magnitude. 
The Quartermaster Corps support rendered the final assault upon Ger- 
many from the West, by the 12th Army Group, early in November 1944 
isacase in point. Two depots were established; one at Verdun, France, 
and one at Liege, Belgium. The mission of these two depots was to fur- 
nish food and petroleum supplies to all elements. During the months of 
February, March and April 1945, these two depots issued 149, 000, 000 
rations. This amounted to about 140 different food items that had to be 
maintained in balance to facilitate the issue of balanced meals. For 
petroleum supplies, the Verdun Depot alone received 226,940 long tons 
and issued 244,163 long tons during these three months in 1945, This 
brief statement portrays the magnitude of logistic operations to which 
the Quartermaster Corps is accustomed, and in a small way indicates 
the wealth of experience in this organization. 


During World War II, hydroponic farms (Fig. 63) were oper- 
ated on Ascension Island in the Atlantic, Iwo Jima, British Guiana, and 
Nanking (China), Hydroponic farms were started in Japan in November 
1945, Within six months, it was possible to eliminate the shipment of 
most salad-type vegetables across the Pacific. First established as an 
emergency measure, it was found that the farms could produce fresh 
vegetables more economically than they could be shipped under refrig- 
eration from the United States. Later, the farms made it possible to 
conserve shipping space needed to supply the troops in Korea, Today, 
fresh vegetables for troops in the Far East are being supplied by the 
Quartermaster Corps from scientifically operated farms in Japan. The 
hydroponic farm at Chofu occupies 55 acres and is probably the largest 
and most productive hydroponic farm in the world. Total production in 
1956 approximated 7, 859,000 pounds, 


Among the Technical Services, the Quartermaster Corps has 


achieved the role of ''Supply Specialist'' of the Army. As the key mili- 
tary supplier, The Quartermaster General is the key depot operator, and 
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commands a number of General Depots. These facilities accomplish the 
receipt, storage, issue, maintenance, and modification of hundreds of 
different items of equipment, Each depot is strategically located to 
serve not only soldiers, airmen, sailors, and marines stationed in the 
United States, but also the ports through which supplies move to our 
forces overseas. Civilian and military personnel form a team of well 
qualified supply technologists, unsurpassed in any similar organization, 
For example, the Quartermaster depot system contains approximately 
5,500 well qualified civilian logisticians, in addition to the officer and 
enlisted personnel of the Corps. 


The Quartermaster Corps is primarily concerned with the sup- 
port of the individual fighting man .,,.. concerned with the adequate and 
timely provision of the food he eats, the clothes he wears, and the petro- 
leum he uses. For Fiscal Year 1958 alone, it took more than 
$1, 350,000, 000 worth of supplies and equipment to fulfill all require- 
ments with which the Quartermaster Corps is charged. Wherever the 
soldier may go, whatever he may require, the Quartermaster Corps 
accepts the responsibility for his welfare. To extend these operations 
and responsibilities to space is logical evolution of responsibility, for 
which the Quartermaster Corps is prepared, 


Skills and Facilities 


The Quartermaster General now manages the procurement and 
distribution of clothing and textile materiel for the Army, Navy, Marine 
Corps, and the Air Force through the Military Clothing and Textile Sup- 
ply Agency located in Philadelphia, Pennsylvania. Each year, contracts 
awarded number approximately 3,500 with a total dollar value of around 
$230,000,000. This effort has involved the merger of four separate 
supply systems and the control over supplies located in forty six depots 
across the country, occuping nearly 20,000,000 square feet of storage 
space, 


The staff of trained clothing technologists and specialists main- 
tained at a level to meet current and foreseeable peacetime requirements, 
constitutes a pool of personnel possessing the skills required to manu- 
facture a variety of items. 


In addition to supplying clothing for the Armed Services, the 
Quartermaster General performs the full job of meeting all food require- 


ments of military installations at home and abroad, Specifically, the 
Military Subsistance Supply Agency determines requirements; 
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makes all wholesale purchases; inspects and passes on the products 
purchased; directs and controls storage in commerical and Government 
warehouses; distributes to consuming installations; and pays producers 
for subsistence distribution points. QMC customers — the Army, the 
Navy, the Marine Corps, and the Air Force — are being supplied with 
non-perishable items shipped to continental installations from ten 
storage locations; and items for export are shipped overseas from 
specific depots, To feed the members of the Armed Services, the 
Military Subsistence Supply Agency normally spends about $750, 000, 009 | 
each fiscal year. 


In the field of petroleum supplies, The Quartermaster Genera] 
has the dominant role in providing the Army with petroleum products, 
Although the Department of the Navy is the Single Manager for Petroleum, 
the military services develop requirements and retain ownership and 
stock funding for their respective petroleum supplies. Quartermaster 
petroleum field activities conduct a surveillance program to assure 
quality control of Army-owned petroleum products in the Army depot 
system and in commercial terminals. As the Technical Service having 
major responsibility in petroleum supply, the Quartermaster Corps 
furnishes the chairman for the Department of the Army Petroleum Panel, | 


Professional competence in doing the Army's job is relatedto | 
the quality and supply of the tools given the soldier, The Quartermaster 
General's responsibilities in this category range from housekeeping and 
office supplies to items of materials handling equipment. These cate- 
gories typify the ''General Supplies'' description of equipment listed in 
the various areas of responsibility set forth earlier. Within this category 
of supplies, additional item assignments are frequently received — both 
Army-wide and DOD-wide. An example of a new and major additionis | 
the responsibility for 7,000 hand tools for all Army elements, This 
assignment highlights a particular capability relative to space require- 
ments for which the Quartermaster Corps is eminently qualified. 


In the performance of his role as a supplier of the Army, the 
Quartermaster General commands a number of general depots. Fifty- 
seven million square feet of covered storage space and sixty-two million 
square feet of open storage space are administered by these U.S. depots, 
Of the total covered space, approximately 8,500,000 square feet are 
humidity controlled. The current average monthly tonnage (receipts and 
shipments)of Quartermaster supplies handled by general depots in the 
United States totals approximately 132,770 — this represents three-fourth | 
of the average monthly tonnage for all Technical Services. In addition, 
Quartermaster personnel operate depots all over the world; in Europe, 
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Korea, Alaska, and Panama, supplying Army Forces and those of the 
Air Force with necessities of life. These facts clearly point out the 
dominant Quartermaster Corps role of ''supplier" for the Army, 


In the storage and distribution of Army supplies during World 
War Il, the Quartermaster Corps played a notable role, being charged 
with the vital mission of handling thousands of items from the time they 
left the point of production until they reached the requisitioning organi- 
zations. The Quartermaster Corps used more storage space than any 
other technical service except the Ordnance Corps, The very significant 
packing and packaging operation that is allied to this function is clearly 
evident. The Quartermaster Corps has an abundance of experience in 
this field, which covers thousands of items, large and small, shipped to 
and stored in locations all over the world, 


Along with this growth in logistic capability, the Quartermaster 
Corps has developed ways of increasing the speed of operations and 
improving accuracy, Electronic data processing machines located at 
each depot submit data nightly through means of a Transceiver Network 
to three Data Processing Points, Each of these points serves a National 
Inventory Control Point. The Transceiver Network uses the facilities, 
cables, and electric wire of the Army Communications Administrative 
Network, Over it, movement of supplies in and out of the distribution 
depots throughout the country is reported electrically, causing machine 
punch of duplicate cards at the Centers, 


Quartermaster Delivers Equipment and Supplies by Air 


Another field of primary importance in this day of modern 
military development, to whichThe Quartermaster General is devoting 
his full attention, is the Aerial Delivery Program, The Quartermaster 
General is responsible for training Quartermaster units and personnel 
in parachute packing, aerial supply, and parachute maintenance, He is 
charged with the responsibility for research and development of equip- 
ment required to afford the Army the capability of delivering personnel 
and supplies from aircraft in flight. 


Concern and responsibility for the individual fighting man 
extends to the final care for and the honors to him after death, A 
statement recently made by the Quartermaster General fully expressed 
the attitude of all personnel concerned with this responsibility: "I know 
of no responsibility more sensitive, more solemn, more sacred, There 
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is none which I, or any member of the Quartermaster Corps, takes 
more seriously." 


The Quartermaster Training Command, Fort Lee, Virginia, 
is a facility which provides instruction in a variety of subjects to both 
military and civilian personnel. Courses in supply operations, pro- 


curement, maintenance and repair, food service management are but “A 
a few of the subjects taught at this installation. The Supply Management Ce 
Course, conducted under the supervision of the Deputy Chief of Staff in 
for Logistics, Department of the Army is also taught at Fort Lee, la 

From the many courses of instruction which vary in length from . 
3 weeks to 32 weeks, the Quartermaster Training Command graduates an | Mw 
average of 92 civilians and 1,905 military personnel (officer and enlisted) Se 


each month. In addition, of course, students continually attend these 

courses from several foreign countries of the Western World. Fort Lee 
is a training and educational institution, staffed by well qualified and | 
experienced technologists representing a number of specialties. Instruc. 


re 
tion is keyed to the ever changing concepts of modern warfare, occasioned eu 
by the impact of modern technology. se 
CONCLUSION 
T 
The Quartermaster Corps has in its research and engineering pro- | * 
gram all of the elements required for the feeding, clothing, and supply- a 
ing of the space explorer and defender. Integration of these elements ¢ 
for space travel is already underway and can be accelerated as demanded | ## 
by the national space program. te 
ar 
Specifically, the Quartermaster Corps can: P 
al 
Develop and procure space suits. 
Organize feeding systems adapted to space operations. ni 
Develop algal and hydroponic systems for supplementary food , 
production and oxygen regeneration. 

Develop, adapt, and procure general supplies. 

Design and operate multipurpose packaging, packing, and hi 


loading systems for space vehicles. 


Conduct supporting research designed to promote the opera- 


ise tional capability of the individual in space environments. 


| 
| 
| 
| 
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CHAPTER VII: TRANSPORTATION CORPS 


ROLE OF THE TRANSPORTATION CORPS 


The primary mission of the Transportation Corps is to move 
personnel and materiel for the Army, and in many instances for the 
Air Force, Navy and other Government agencies, The Transportation 
Corps discharges this mission either by direct operations or by arrang- 
| ing lift with other agencies, Ocean terminal operations are an example 
| ofdirect operations, Lift arranged with other agencies includes use of 
commercial facilities (such as the railroads and commercial airlines) 
mM or transport support from Department of Defense sources such as the 
a1 =—s‘ Military Sea Transportation Service and the Military Air Transport 
ed) Service. 


e Of vital importance is the Transportation Corps supervision of the 
| Military Traffic Management Agency (MTMA), This is a Single Manager 
1C= responsibility of the Secretary of the Army. MTMA supervises the pro- 
med = curement and use by all three departments of commercial transportation 
services in the Continental U. S., including commercial airlift, 


The Transportation Corps also develops, supplies and services 

transportation materiel for the Army and for the other services as 

>. | required, At present, this responsibility involves the management of 

y- over a billion dollars worth of equipment, about 30% of which is air- 
craft, In so doing, the Transportation Corps is the Army's representa- 

ded tive responsible or called upon to utilize the vast resources of the 
aviation industry, NASA, or other governmental agencies, in further- 
ance of all matters pertaining to or in support of the Army Aviation 
Program — low altitude - low speed flight and its associated problem 
areas, 


The Transportation Corps is also responsible for providing tech- 
nical supervision over world-wide Army transportation activities 
- including the administration of DOD activities pertaining to 
i "Highways for National Defense", 


Achievements 


Transportation Corps achievements in the national space program 
have been largely operational to date. Movement of space vehicles to 
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their launching sites has necessitated the development of techniques 
and materiel suitable for each particular jcb, 


A Transportation Staff Officer and staff of assistants are stationed 
permanently at AOMC, Redstone Arsenal, Alabama, This office pro. 
vides transportability data at the inception of a new weapons system, to 
assure that all components of the missile and its ground support equip- 
ment will be transportable, The Transportation Officer disseminates 
missile transportability data to all interested agencies. 


Both the U. S. Army Transportation Research and Engineering 
Command (USA TRECOM) and the Transportation Combat Development 
Group at Fort Eustis, Virginia have performed special studies and 
projects pertaining to the transportation of missiles and supporting 
equipment, 


USA TRECOM provides a continuing consultant and research ser. 
vice to AOMC and its subordinate commands, pertaining to the com- 
patibility of Transportation Corps equipment and missile systems, In 
addition, the Transportation Research and Engineering Command assists 
in such matters as the evaluation of Research and Development logistical 


type missiles. 


Transportation Corps has also supported other special missions 
and projects of a similar nature, For example, for certain events of 
Operation HARDTACK (the 1958 atomic series in the Pacific) the 
Army programmed the movement of Redstone missiles from Redstone 
Arsenal to the Pacific. The program involved movement of more than 
10,000 miles over surface and air lines of communications. The final 
phases were accomplished within rigid time limits to meet predeter- 
mined firing dates, 


Projection of Space Activities 


There are several future Transportation Corps research projects 
which relate to space exploration. These include: 

1, A gravitational radiation investigation already underway through 
a contract with the University of Detroit. The study is basic in nature, 
Experiments will be conducted to determine whether rotating bodies 
emit gravitational radiation. 


to 


—_ 
of 
4 
re! 
Tl 
P 
as 
> 
cle 
fit 
rer 
me 
col 
be 
‘ey. sat 
pal 
bin 
stu 
the 
» | syt 
fac 
all 
| 
| Fe 
— 
| tra 
| 
| the 
160 
} 
4 
j 


BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 495 


2. Mathematical models which express mobility factors in terms 
of the laws of physics. Mobility predictions for various transportation 
systems — under varying conditions — is the ultimate objective of this 
research project. 


3. Research will be conducted to determine the aerodynamic 
principles best suited for future development of a vehicle of operating 
a short distance above the surface of the earth. The ability of trans- 
port personnel and cargo unimpeded by the limitations of terrain, yet 
close to the earth, will greatly increase the Army's mobility. 


4, The development of a variable thrust rocket system, to be 
fitted upon an individual's back like a pack, is the ultimate goal of cur- 
rent feasibility studies, Several approaches to the problem have been 
proposed; the most promising shall be concentrated upon through experi- 
mental work with actual hardware, 


5, Environmental studies to determine the relationships of extreme 
conditions, such as wide temperature variations and lack of atmosphere, 
to vehicle design will be expanded. Component research, to include 


bearings, seals, and power sources will be conducted to provide neces- 
sary scientific input for sound engineering decisions, 


6, Present research being conducted under contract will be ex- 


panded in a basic research project to explore new materials and com- 
binations of materials to increase thermo-electric conversion efficiency, 


7, The Transportation Combat Development Group has initiated a 
study of the impact of rockets and missile weapon systems and their 
logistical support requirement on transportation operations, In scope, 
the study will consider the variety of rockets and missile weapon 
systems for which the Transportation Corps will have movement 
responsibilities. The ability of Transportation Corps organizations, 
facilities, and equipment to handle and transport these commodities by 
all modes of transportation shall be determined, Where indicated, 
recommendations will be made for changes in the Transportation Corps 
organizational or operational concepts or for the development of new 
transportation materiel, 


RESEARCH AND DEVELOPMENT CAPABILITIES 


In the field of logistical transportation research and development, 
the Army has no peer, In the advancement of the state-of-the-art in 
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both unconventional surface transportation media and aircraft for 
transport operations in extreme environments, the Army Transportation, 
Corps stands unique within the Department of Defense. Past achieve. 
ments are most noteworthy. 


Achievements 


Advances in the state-of-the-art of surface and air Transportation 
materiel include: } 


1, Motor Transport 


A large research effort has been devoted to unconventional 
vehicle design for off-road transportation (Fig. 64). 


A significant breakthrough has been made in the use of scale ‘ 
models for mobility research. The aeronautical engineer and naval 
architect have utilized their wind tunnels and model basins for years, 

Just recently the Transportation Corps has developed techniques for 
scale model testing of land vehicles. Through correlation analysis, 

scale model mobility data are developed - which permit performance 
predictions of full scale vehicles, 


Mobility in the extreme environments of the Arctic and Sub- | 
Arctic, as well as under desert conditions, has received considerable | 
attention, Until recently, man's overland speed across Arctic areas 
was geared to an average ''sled"' velocity of one and one-half miles 
per hour. Such developments as the ''Overland Train", ''Polecat" 
articulated tracked vehicle, and large wheel trailers have increased 
off-road mobility several fold. The Rolling Fluid Transporter develop- 
ment was an outgrowth of the ALBEE Rolligon vehicle. Here was born 
the idea that the large bag-like wheels (rollers) could be filled with bulk 
fluid cargo. The 1,000 gallon dual rolling fluid transporters (Fig. 65) 
are now in production — they are expected to make a highly significant 
contribution to the state-of-the-art of POL distribution. 


2. Marine Transport 
The Army Transportation Corps has developed a fleet of marine 
craft which provides a capability for harbor, inland waterway and inter- 


island or limited coastal service. Also, a family of amphibians, as 
well as a beach discharge lighter, is being developed to meet the 
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Fig. 64. Some Current Off-Road Vehicle 


Developments 
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Fig. 65. 


The Rotting Fiucd Transporter The RFT. intended primarily to be fuel 
transporter, hae apacity of 1,000 galions. It consists af two, 500~-galion 


Capacity reinforced eubber containers which ace connected by stub ante 
a tow rig The rig can be towed by a prime mover «quipped wth & pre : 
hook, Shown here, 6,000 gallons of fue! are being hauled 
fi -e of the 1,000-gallon @ual RFT unite connected in tandem, Units are ar 


traneportebie; they also float when loaded fully 


Petroleum Distribution Point The Rolling Fluid Transporter «tl! add con- 


side rable flexibility to the distribution system Inc oming tows of full trane- 

Porters are heid temporarily aithin the distribution @rea unti! (enued to the 

weing unite, The RFT has a low rolling resistance; it may be considered as 

# Bonus load for a prime mover -- since the tow vehicle's Payload « apa: ity 

le not altered significantly when so used These transporte rs performed well 
engineering tests, and are now in limited production 
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logistical requirements of over-the-shore type resupply operations 
where fixed port facilities are not available (Fig. 66). 


The Army's new ''Beach Discharge Lighter"' (BDL) was 
developed to lighter roll/on-roll/off type cargo from the new U, S, Navy 
R/O-R/O type ocean transports, The "BDL" a 338-foot vessel, is de- 
signed to marry stern-to- stern with the deep draft ocean carrier and 
transport the wheeled or tracked vehicular cargo the remaining dis- 
tance to the beach for bow ramp discharge over the beach, 


The 60-ton capacity BARC, and the 5- and 15-ton capacity 
LARC amphibian developments round out the family of marine craft 
designed to transport the various types of resupply cargo from ship to 
shore where fixed port facilities are not available. 


3, Railway Motive Powerand Rolling Stock 


The Transportation Corps has complete responsibility within 
the Department of Defense for the research and development of railway 
equipment, The Transportation Corps is oriented to provide rail equip- 
ment for special military use on a world-wide basis, 


The problem of interchangeability, through the various gage 
systems of the world, has been overcome by the development of multi- 
gage trucks to permit universal railway operations (Fig. 67) 


A family of locomotives, both diesel-electric and steam, has 
been developed to meet the wide range of operating needs, 


Special equipment for fuels, propellants, missiles, and out- 
sized loads has been developed, such as a nickel clad tank car for 
transporting certain propellants, 80- and 100- ton flat cars for high 
speed service, and 80-ton depressed center flat car, and a family 
of locomotive cranes with lift capacities from 25 to 150 tons. 


A fleet of austere lightweight rolling stock with 40-ton capacity 
has been developed for operation over hastily built roadbeds. 


4, Terminals Cargo Handling 


Developments in cargo terminal activities have been oriented 
upon the speeding up of cargo operations by improved techniques and 
equipments. 
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Of significance is the Transportation Corps' accomplishment 
in the field of cargo unitization - consolidated containerization of 
shipments to permit unit integrity enroute, safe-guard against damage 
and pilferage, increase speed of handling by permitting the handling of 
larger loads per lift, and drastic reduction in documentation of ship- 
ments, The development of the ''CONEX" container, a 295 cu. ft. stee] 
van, has led to the utilization of over 50,000 of these units now in the 
system — being used profitably by both Army and Air Force, 


The "Aerial Tramway" system pictured in Fig. 68 was developed _ 
to permit the handling of cargo frém ship-to-shore over shorelines where | 
fixed port facilities are non-existent and the nature of the shore line pre. 
vents effective over-the-shore operation with beach lighter or amphibians, _ 
The sea-island terminal of the tramway system is erected upon self- 
elevating pier barges at that point offshore where the water depth is suf. 
ficient to accommodate conventional deep draft ocean transports. In 
essence, the system actually integrates a ''fixed port facility" off shore, 
with the aerial tramway providing the means by which cargo is trans- 
ported inland. A tramway system may be found very useful in earth 
support of space operations. 


The need for ground personnel to hook-up and unhook cargo loads 
at aerial transfer points has been eliminated by the recent development 
of an automatic external pickup and discharging cargo hook for heli- 
copters, 


Slings and adapters to handle all types of vehicles and outsized 
loads are under constant development to cope with the ever changing 
configurations of cargo. 


5. Nuclear Power Research 


The Transportation Corps has conducted extensive technical 
investigations pertaining to the feasibility of utilizing nuclear power 
for the propulsion of land vehicles. The feasibility has been assured, 
Such applications are inevitable, 


6. Movements Control 
Realizing the antiquity of conventional methods for controlling 
the movement of cargo, the Transportation Corps has recently developed 


a system for utilizing automatic data processing equipment for the l 
identification and control of all Army controlled shipments. 
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7, Army Aviation 


Very similar to the parameters of surface R&D developments, 
the Army aviation program is geared to the needs for a ground opera- 
tional unit to become “free from terrain" in the accomplishment of its 
mission. Operations from improved facilities is the exception — rather 
than the rule - in Army aviation, Short take off and landing (STOL\, ay 
well as vertical take off and landing (VTOL), is characteristic of the 
Transportation Corps‘ aviation research and development efforts, Five 
principal R&D categories apply. 


"Mobility" aircraft (transport) of 3-ton payload capacity are 
under development, The STOL "caribou" fixed wing transport is shown 
in Fig. 69. The VTOL "'Chinook" helicopter project is in the pre- 
contract negotiation stage at this time. 


Observation-Surveillance-Reconnaisance aircraft development 
include the utility "Iroquois" helicopter and the ''Mohawk"' fixed wing 
STOL aircraft seen in Fig. 69. 


Power plant development, of necessity, leads airframe develop. 
ment by about two years. To cope with such intangible needs, the Army 
is sponsoring the devélopment of a family of power plants in the lower 
horsepower range, from 55 H.P. to 2,000\H.P. — including such en- 
gines as the T-53, T-55, and T-63 gas turbines. 


Army aircraft support projects include mobile maintenance 
shops, aircraft recovery and evacuation systems, rough terrain 
landing gear, a helicopter flight simulator, aircraft range extension 
equipment, and a suppressive firepower capability. 


Aircraft research encompasses several interesting and sig- 
nificant experimental projects. 


VTOL aircraft tests are not completely adaptable to conven- 
tional wind tunnel experimentation. To overcome this handicap, 
aeronautical engineers have developed a free air test rig which frees 
the designer from wind tunnel limitations. 


Individual lift devices such as the deLackner Aerocycle flying 
platform have been designed, built, and successfully flown, This 
research having been designed to explore the kinesthetically controlled 
principle for achieving a low cost VTOL aircraft. 
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Considerable work has been done on experimental VTOL air- 
craft such as the Ryan 92 ''deflected slipstream" research aircraft, 
the "tilt-wing" test bed, and the "rotatable ducted fan" aircraft pictured 
Each of these experimental vehicles has been designed to 
incorporate the advantages of both helicopter and fixed wing aircraft 


in Fig. 70. 


within one VTOL test bed. 


A family of three experimental aerial jeeps is under investi- 
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gation. These vehicles are designed to operate very close to the ground 


at speeds up to 50 mph, 


Other aircraft research projects include unique methods for 


testing aircraft bearings and transmissions, propeller control systems | 
for STOL and VTOL aircraft, experimentation with high speed heli- 
copter rotors and hot cycle pressure jet rotors, 


8. Special Technology Developments | 


Each of the developments outlined above, under the various 


modes of transportation, were designed in response to a specific 


Technology Development 
Electric drive systems for land vehicles 
Remote control systems for land vehicles 
Low ground pressure land vehicles 
POL distribution 
Correlation of mobility factors for land vehicles 
Vertical axis marine propellers 
Unsprung suspension and drive for amphibians 
Hydraulic pusher ram for beach retraction 
Constant tension lashing arrangement for mating 
ships for vehicle transfer 
Extreme temperature kit for RR locomotive and 
rolling stock for starts and operation at -65° F, 
for storage and -80°, and for operation at up 
to #125° F 
Multi-gage trucks for world-wide interchangeability 
Universal coupling capability 
Lightweight design features 
Unitization of cargo shipments 
Free breather dehumidification of containers 
Automatic cargo hook for helicopters 
Unloaded rotor VTOL aircraft 
Rotatable ducted propeller VTOL aircraft 
Tilt-wing VTOL aircraft 
Mobile field maintenance systems for aircraft 
Rough Terrain Landing Gear for STOL aircraft 
Multiple helicopter heavy lift system 
Flight simulation methods for helicopters 
Methods for testing VTOL models, props, etc., 
under free air conditions 
Tanks and plumbing systems for range extension 
Kinesthetically controlled aircraft 
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Associated Project 
Overland Train 
Overland Train 
Overland Train 
Rolling Fluid Transporter 
Scale model tests | 


Beach Discharge Lighter 

LARC 5 and 15 Ton | 
BDL 
BDL-Comet 


All railroad equipment 


All rail equipment developments 

Applicable to all RR equipment 

Austere RR fleet 
CONEX and inserts 

CONEX 


McDonnell XVI 

Doak VZ-4DA 

Vertol 76 

Air transportable shop; maintenance vans 


Helicopter simulator { 
Free air test rig 
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requirement, Each contributed to the advancement of the state-of-the. 
art within the field of mobility. Special technology developments are 
associated with many of these endeavors; some of the most significant 
shall be listed below with a reference to the associated development 


project. 


The Transportation Corps now has the necessary nucleus of 
R&D systems management personnel to derive the maximum benefit 
from present government resources and those resources available 
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Skills and Facilities 


within industry and private institutions. 


The Transportation Corps research and development resources 
are shown graphically in Fig. 71. The funding program is portrayed in 


Fig. 72. 


The major portion of the Transportation Corps R&D dollar is 
spent out-of-house, (Fig. 72) Of each R&D dollar spent outside, well 
over 90% goes toward Army aviation research and development, Having 
worked in close relationship with the vast aviation industry, the 
Transportation Corps has established a very valuabe out-of-house 


resource, 


Universities, colleges, and non-profit research organizations 
have been utilized in areas of basic and applied research, These re- 
sources are utilized to develop the principles from which stem the 


Out-of-House Support 


decisions for design and development of prototypes. 


Industrial resources utilized by Transportation Corps include 
the wide range of research and engineering ''know-how" associated 
with all modes of transportation — from naval architects to aeronautical 
engineers, Industrial resources have been used primarily for design 


and development of prototypes. 


In addition, the Transportation Corps retains the services of 
professional consultants on a continuing basis - both management and 
engineering consultants who participate regularly in research and 


development program planning and execution. 
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| TRANSPORTATION CORPS 


R&D PERSONNEL RESOURCES 


SKILLS ano 
SCIENTIFIC amo TECHNICAL PERSONNEL 
ENOAGED IN RESEARCH AND DEVELOPMENT May 1989 
00 NO. OF PERSONNEL YR. OF EXPERIENCE 
AERONAUTICAL 
MECHANICAL 
- MARINE 
ELECTRICAL 
GENERAL 
TOTAL 27 
INCLUDES: 52 SUPERVISORS WITH 437 YEARS OF SUPERVISORY EXPERIENCE 
200 
100 DEGREES WELD 
Pro 
us 
ss 
OTHER CATEGORES 
AM AVERAGE OF TSO PERSONNEL OTHER CATEOORES 
in ARE OMECTLY WIVOLVED THE TC ROD EFFORT 
TOTAL 
1,000 PERSONNEL ARE INVOLVE PRIMARILY IN THE TC ROO PROGRAM 
RAD FACILITIES RESOURCES 
TEST FACILITIES (SCALE ON LEFT) 
RESEARCH FACILITIES TECHNICAL AND SUPPORT EQUIPMENT (SCALE ON RIGHT) 
| 
Test 
fe 
i 
Hey 2 
va 
TECHNICAL & SUPPORT ‘ 
TOTAL "W-HOUSE” RESOURCES $4,800,000 


Fig. 71. Transportation Corps Resources 
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607 
507+ 
40+ ATTRIBUTABLE TO 
3 INCREASED EMPHASIS 
= IN ARMY AVIATION R&D 
8 20+ 
10 + 
1953 1954 1955 1956 1957 1958 1959 1960 
YEAR 
FY 1959 
R AND D PROGRAM 
Universities, Colleges, 
Indust 
Appropriation| in House ndustry end Men=Preflt institutions Total 
Rand D /|3,622,097 | 10,488,002 3,140,101 17,250, 200 
PEMA — 40,604,000 40,604,000 
RECAP: 
In House $ 3,622,097 
Out-of-House $54,232,103 
Fig. 72. Research and Development Funding Program 
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The over-all utilization of outside resources is closely 
associated with the in-house capability. The Transportation Corps' 
research personnel explore and determine those areas best suited to 
out-of-house capabilities. The contractor's effort is continuously 
monitored by the in-house research personnel to insure that contract 
objectives are in harmony with over-all purposes, 


OPERATIONAL CAPABILITIES 


Operational capabilities of the Transportation Corps are world- 
wide. A look at past achievements shows immediately that the Army is 
uniquely qualified to render transportation support as required, The 
system is already a going concern, 


Achievements 


Many evidences from former times serve as reminders of the 
yital role of transportation in the conduct of military operations. 


With the launching of the nation's rearmament program in the 
summer of 1940, the handicaps of fragmented operating and staff 
responsibilities for Army Transportation became apparent, Clearing 
up a confused situation, the Army revamped its transportation picture 
ina series of changes culminating in the establishment of the Trans- 
portation Corps on 31 July 1942. Since then the Transportation Corps, 
the youngest corps within the Army establishment, has accomplished 
numerous noteworthy achievements, Some shall be abstracted in the 
paragraphs to follow, 


World War II. In World War II, transportation needs bulked 
larger than in any previous conflict. To come to grips with the enemy, 
it became necessary to undertake extensive shipping, beach, port, rail, 
motor transport, and inland waterway activities within the overseas 
theaters. The domestic transportation system was taxed to the limit. 
Throughout the conflict, transportation was a vital considera t ion in 
strategic planning and a basic factor in the conduct of military operations. 


The number of military and civilian personnel controlled by the 
Chief of Transportation grew from approximately 33,000 in March 1942 
to 434,998 in June 1945, Not included in this figure, however, were 
thousands of troops in Quartermaster trucking units overseas who 
functioned under the control of Army Transportation organizations, 


177 


= 
| ¢ 
| 
| 
| 
j 
| 
| 


512 BASIC SCIENTIFIC AND ASTRONAUTIC RESEARCH 


An expanding competence afloat as well as on land characterizeg 
Army Transportation during World War II, At the outbreak of war in 
Europe, the Army was operating eight transports out of New York and 
San Francisco. At the end of July 1945, the Army had in its servicea 
total of 1,706 vessels of 1,000 gross tons or more, aggregating 
15,940, 000 deadweight tons, 


Closely cooperating with the commercial carriers as well as 
with other government agencies, the Transportation Corps during 
World war II handled the movement of a huge volume of Army traffic, 
including 33,678,000 personnel and 324, 892,000 short tons of-freight 
movements, 


Between December 1941 and August 1945, the New York and 
San Francisco Army ports of embarkation handled over 7, 290, 000 
passengers and 126,700,000 measurement tons of cargo. Thirty-six 
Army divisions, in the period from August 1944 through February 1945, 
were moved to Europe in some 126 troop ships, while their organiza- 
tional equipment filled 266 Liberty ships. 


Outbound cargo movements through the ports of embarkation 
involved the handling and loading of a tremendous number of items of 
varying shape and size. Among the major types of cargo shipped 
overseas were more than 1, 500,000 motor vehicles, 47,851 aircraft, 
and approximately 11, 466,000 short tons of ammunition and explosives, 
In the period from December 1941 through August 1945, over 4, 477, 000 
troops and 77, 564,000 measurement tons of cargo were lifted to Trans- 
atlantic destinations. While some of this traffic was with nearby bases, 
most of it moved to Europe and to the Mediterranean over routes 
averaging 3,500 nautical miles in length, At the same time, more than 
2,425,000 troops and 49, 223000 measurement tons of cargo were in 
transit to Transpacific ‘destinations over shipping lanes ranging up to 
6, 300 miles in the Pacific, and to even greater distances in the case 
of shipments to India and Iran, 


Over and above the transoceanic movement of cargo, was the 
problem of distribution of this immense logistical burden on the far 
shore, involving over-the-beach and port operations, rail operations, 
long distance trucking, inland waterways operations, and cargo move- 
ment by air. 


The end of hostilities brought to the Army Transportation Corps 
problems of redeployment and repatriation. In December 1945, debarka- 
tions through U. S, ports reached a peak of 834,470 persons, three times 
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the number embarked from these ports in any 3-month period of 
World War II. Altogether, more than 6, 376,000 passengers were de- 
parked from Army vessels during the years 1945-1946, 


Korea. At the outbreak of the Korean hostilities on 25 June 1950, 
the Transportation Corps faced a tremendously increased need to 
provide the necessary logistical lift and support of the United Nations 
forces in that country. This objective was accomplished by a com- 
paratively modest augmentation of personnel and facilities, including 
the reactivation of but one additional port, Hampton Roads. In Korea, 
operations were greatly complicated by adverse climate, mountainous 
terrain, the alternate destruction and rehabilitation of port and rail 
facilities, the execrable roads, the crowding of logistical installations 
in the Pusan Area, and the lack of adequate in-transit storage between 
Inchon and the forward areas, During this limited war, over 13,000 
Transportation Corps port, harbor craft, DUKW, railway, truck, 
transport helicopter, and traffic regulating troops and much equip- 
ment were placed in service in Korea, 


During this conflict and its aftermath, the Army-operated ports in 
Korea handled discharge tonnages of more than 38,000, 000 measure- 
ment tons (M/T) and backloaded 9, 509,000 M/T, all within the period 
from July 1950 through December 1953, Virtually 95% of this tonnage 
was handled by the Army-operated rail lines of Korea. Despite Korean 
road conditions, Transportation Corps trucking units were used in port 
clearance and base hauling, and in the combat zone movements from 
railheads and Army supply points. In May 1953, alone, Transportation 
Corps vehicles covered almost 10,000 Ton-Miles and 4, 500,000 pas- 
senger miles, Although all modes of transportation, from the man-borne- 
A-frame upward, were utilized at maximum capacity, the Army exercised 
constant supervision in order to concentrate the necessary logistics to 
meet combat needs, For example, 1,000,000 gallons of JP-4 were 
consumed in one day at a single Korean airfield — all having been supplied 
by a limited fleet of tank cars, 


Supporting the Korean operation, Army-operated ports in Japan 
increased shipments from approximately 125,000 measurement tons 
in May 1950 to about 1,400,000 M/T in September of that year. During 
the Korean conflict, one port alone — Yokohama — handled 1, 000, 000 
troops and 25,000,000 M/T of cargo. 


BLUEJAY. Responsive to the requirements of Continental defense 
efforts in the Far North, in 1951, the Chief of Transportation proceeded 
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to implement plans for the reoccupying of closed bases on the west 
coast of Greenland, and the establishing of new bases there, 


Mare precisely, the Transportation Corps thus had the responsi- 
bility for outloading some 110 vessels furnished by the MSTS in 
support of this logistical buildup under a Navy Task Force Commander, 


Additionally, the Transportation Corps furnished the personnel and 
materiel necessary for the carge discharge, its ship-to-shore movement. 
and the necessary beach clearances at the increasingly important Thule 
area and elsewhere on the Greenland West Coast. 


In the brief operating season for water-borne traffic at Thule 
(9 July to 3 September 1951), this Transportation Corps operation 
discharged 314,000 measurement tons of cargo, employing at the peak 
of the season some 4,000 troops. 


In 1952 and subsequent seasons, the Transportation Corps was 
assigned the work of subport operations of Harmon, in Newfoundland, 
at Goose Bay in Labrador, and at Sondestrom and Narsarrssuak in 
Greenland, Other Transportation Corps units support six isolated 
aircraft warning and control sites from Newfoundland to Baffin Island 
by means of over-the-beach operations known as Operation PINETREE, 
These support operations have continued each summer as SUNEC, 


Alaskan Resupply, CORRODE, and Project 572, In line with the 
responsibility of the Chief of Transportation for the support of Alaskan 
resupply during ice-free seasons, in 1953 the Transportation Corps 
participated in a feasibility test (Operation CORRODE) for the con- 
struction of a number of Distant Early Warning (DEW) radar stations 
in the Alaskan Arctic. Over 500 Transportation Corps troops, part 
of a joint task force, offloaded 20,000 measurement tons of supplies 
late in the summer of 1953, This successful operation contributed to 
the effective launching of Project 572, which in 1955 became the 
DEW-LINE network of radar sites across Alaska and Northern Canada, 


Transportation Corps operational skills and capabilities are broad 
in scope. Some typical operations in support of the DEW- LINE network 
are shown in Fig. 73. 


Operation of Water Ports for the Air Force, In 1951, the 
Transportation Corps was assigned responsibility for supporting 
Air Force construction, and other military strengthening of installations 
on the Azores and Mediterranean Area, In July of that year, a 
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Transportation Corps port unit began operations at Casablanca in 
French Morocco. Through this funnel, five air bases were built and 
supported, A peak tonnage of 50,000 measurement tons was reached 
here in April 1952, Similarly, in the Azores, a 4,000-ton monthly 
figure was attained in 1954, while in Tripoli 10,000 tons were handled 
monthly. Transportation Corps units, augmented by local labor and 
resources, provided the background of skills required for these 
operations. 


Transportation Corps also established water ports in support of the 
Air Force in eastern Canada and Greenland, In 1957, 910 STRAF spaces 
were committed for operation of these terminals, the greater part in 
Canada and Greenland, where six permanent activities are operated by 
the U.S. Army Transportation Terminal Command (7278) from its 
headquarters at Pepperill Air Base, Newfoundland, 


Conduct of these operations by the Army provides water terminal 
services for the Air Force at less over-all cost to the Defense 
Department than would be the case if the Air Force were required to 
establish a parallel capability. 


Land Transportation in Overseas Areas. Under Army monitorship 
at the departmental level, the responsibility for providing common use 
military land trasnportation (except organic transportation assigned to 
units) has been assigned to a single Military Service in each oversea 
area, Wherever the Army is present in force, the land transportation 
function has been assigned to the Army; elsewhere, Air Force and 
Navy commands have been assigned the responsibility. 


The results of centralization have been impressive. In Hawaii, for 
example, the Army hauls about 645,000 MT of cargo a year, of which 
about 230,000 MT is Navy cargo. In 1944, the Navy cost was $4, 39 
per MT. In 1955 the Navy was able to reduce this cost to $3.85, Today 
the Army moves this Navy cargo at a cost of $1.25 per MT. 


The foregoing paragraphs depict but a few of the past achievements 
of the Transportation Corps; not mentioned, but certainly significant 
is the Transportation Corps support of the long occupation of areas in 
Europe and the Far East, Likewise, Transportation Corps has actively 
supported many other operations, including Joint Task Force 7, men- 
tioned earlier in the chapter. 


The historical record reflects that Transportation Corps experience 
goes far beyond what one may consider normal transportation support of 
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yarious Army operations; the Corps has become a vital link in the 
Department of Defense transportation system, 


The Transportation Corps facilities in the Continental United 
States are valued at over 500 million dollars (Fig. 74). These facili- 
ties are operational now - ready and able to cope with requirements 
of the national space program, An example of the world-wide Trans- 
portation Corps terminal operations facilities is seen in Fig, 75. The 
Army is the only service having such an organic transportation ter- 
minal operation capability, Feeding the terminals is, of course, the 
multitude of installation transportation offices and activities all over 
the world. 


CONCLUSIONS 


In support of the national space programs, Transportation Corps 
is prepared now: 


1, As traffic manager for Department of Defense to plan and 
coordinate movements of men and materiel. 


2. As Aeronautical engineering specialist for Department of the 
Army to utilize the nation's industrial aeronautical resources where 
necessary. 


3, Through its terminal facilities, to handle all cargo moving 
and to conduct discharging operations in undeveloped port areas should 
such be necessary, 


4, To conduct necessary research and development of transporta- 
tion equipment, whether it be for use on the surface of the earth or the 
surface of planets, 


The Transportation Corps, with its unequalled ability in cargo and 
personnel movement and control, with its pioneering in special opera- 
tions in extreme environments, and with its unique capability in re- 
search and development of off-road vehicles for use in these environ- 
ments, is admirably suited to assist the national space program, 
Transportation Corps participation would benefit the nation in this 
effort, as it is the only military agency in the Department of Defense 
which is exclusively oriented to transportation problems, 
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TRANSPORTATION CORPS - FY59 | 


OPERATIONAL RESOURCES (CONUS) 
FACILITIES VALUE = $551,000,000 


PERSONNEL STRENGTH = 30,000 | 


OPERATIONAL FUNDS | 
TC OPERATIONAL (EXCLUDING R&D ACTIVITIES) = $283,000.00) 


TC R@D OPERATIONAL SUPPORT = $452,000 


Fig. 74. Transportation Corps - FY 59 } 
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Fig. 75. U. S. Army Terminal Operations 
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CHAPTER VIII: CHEMICAL CORPS 


ROLE OF THE CHEMICAL CORPS 


The Chief Chemical Officer studies and investigates chemical, 
biological, and radiological warfare, and develops, provides, and 
services materiel and equipment pertaining to these types of warfare 
as required by the Army, and as assigned by the Navy and Air Force 
and for mutual security programs. This function involves the funda- 
mental physiological studies on the mechanisms of action of chemical 
and biological warfare agents on man and items used in his food 


supply. 


The Chemical Corps is responsible for formulating policies, 
procedures, and methods pertaining to radiological defense as well 
as for the disposal of radioactive materials for all technical services, 
This function includes development of technical doctrine involving 
radiological effects and non-electronic means of detecting radio- 
logical contamination. 


The Chemical Corps is also responsible for the detection of 
chemical and biological contamination and the development of methods 
for decontamination of areas, materiel, and personnel contaminated 
by CBR agents. This function indudes the development of fundamental 
impregnation of protective clothing, the development of materiel for 
protective clothing, the safety of chemical and biological ammunition, 
air pollution prevention, and waste disposal. 


Recent Projects Related to Missile and Space Field 


The Chemical Corps is presently engaged in research and 
development work on the following programs which relate to national 
space programs: 


1. Alpha, beta, gamma, and neutron dose and spectrum measure- 
ments (probes and base site). 


2. Evaluation of thermal radiation (probe). 


3. Determination of radiation shielding requirements. 
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4. Nuclear weapons effect data. 

5, Chemical oxygen production and atmosphere regeneration. 
6. Toxicity studies of chemicals including propellants. 

7. Personnel and equipment shelter and lock system. 

8. Non-electronic signalling devices. 


9. Wound ballistic studies on low pressure injury, high velocity 
missile effects, quasi-blast effects, and synergistic injury effects. 


10. Decontamination of man and materiel from CRB contamination. 
ll, Protection of man from biological, chemical, and radiological 


hazards. 


Projection of Activities 
Related to the Missile and Space Field 


The Chemical Corps will continue to participate in nuclear test 
programs, as directed by the Department of Defense. 


Early in FY 1960, the Chemical Corps anticipates the inauguration 
of a CBR school at Dugway Proving Ground. Courses within this 
school will include: neutron measurements, absorption and scattering, 
fallout measurement, particle formations, gamma shielding, isotope 
tracers techniques, and the combined effects of radiation with chemical 
and biological agents (Fig. 76). 


Other plans include the development of a large area gamma test 
facility at Dugway Proving Ground. 


The Chemical Corps plans to conduct work in the field popularly 
known as terra-forming. This is the process whereby earth forms, 
transferred to unsuitable foreign areas, would modify the environment 
so that it would be habitable by man. 


The Wound Ballistics Laboratory located at Army Chemical 


Center is funded mutually by the Ordnance Corps, The Surgeon 
General, the Chemical Corps, and the Quartermaster General. 
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The data obtained there is basic to specific problems within each of 
these technical services and results of studies are applicable to all. 
Types of studies in this area are: (Fig. 77). 


1, Design data for weapons to defend a space station, and pro- 
tection against similar weapons if used by hostile personnel. 


2, Injury (especially penetrating injury) occurring with simul- 
taneous decompression. 


3, Protection from meteorites and micrometeorites. 
4. Hazards of quasi-blast waves in an atmosphere of reduced 
pressure Or in a near vacuum as might be associated with engineering 


operations on base. 


5. Synergistic effects of radiation and mechanical trauma. 


Achievements 


Chemical - Chemical Corps achievements in the chemical 
category include the mastery of handling toxic materials. This 
includes the operation of production facilities for the several standard 
chemical agents, the latest of which were two plants costing approxi- 
mately $100 million. These facilities were designed to provide com- 
plete safety to workers within the building and prevent the pollution 
of air and effluent water, thus assuring complete safety to the popu- 
lace in the surrounding territory. 


Sensitive gas alarms have been developed for detecting lethal 
concentrations of toxic agents. 


The Chemical Corps has developed and designed toxic CBR 
agent filter units for incorporation in air conditioning units of guided 
missile control vans, public buildings, and other protective shelters. 


Wound Ballistics studies have resulted in a treatment which can 
be applied to a battle casualty to prolong life until surgery could be 
applied. This consists of spraying a mixture of antibiotics, bacitracin 
and neomycin, to any injury that does not involve organs such as the 
heart, lungs, etc. This has resulted in a five-fold increase in survival. 
Wound Ballistics Laboratory data was used to design the body armor 
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used in the Koream conflict. Other data has resulted in a change 
in the design of small arms ammunition. 


Biological - Fermentation industries involving biological agents 
have been known for centuries, but at Fort Detrick, Maryland, the 
Chemical Corps has pioneered in the bio-engineering field of large 
scale culture of pathogenic or other hazardous materials. Complex 
techniques for their production were developed, culminating in design 
criteria, technical assistance to the Corps of Engineers during 
construction, and the operation of biological agent production facilities. 
These facilities provide complete safety to the workers within the 
puilding as well as to the surrounding community (Fig. 78). 


Decontamination procedures have been developed so that materiel 
including extremely sensitive scientific instruments can be repeatedly 
decontaminated without injury. These procedures have found prac- 
tical application in decontaminating commercial airline equipment 
in which polio virus was inadvertently spilled, as well as for trucks, 
railroad cars and B47 and B52 type airplanes. 


In providing safety during the investigation of aerosols of 
infectious biological agents, systems have been developed to allow 
the complete separation of the toxic environment from the laboratory 
worker, yet allowing sampling and manipulation of the biological 
material under investigation. These procedures allow the worker 
to retain the sensitivity and manual dexterity of the human hands by 
working through glove ports (Fig. 79) 


Other developments include special filters, electrostatic precipi- 
tators, methods for removal and counting of micro-organisms in 
the atmosphere which allows detection of micro-organisms when the 
concentration may be on the order of 10-!4 gram per liter. 


The Chemical Corps has pioneered in the mass rearing of insects. 
This is an example of the application of modern production engineering 
technology to biological systems, and the integration of the two tech- 
nologies alone. 


Mathematical models to describe biological phenomena have been 
developed; for example, it has been possible to formulate a model 
for an epiphytotic (the spread of a plant disease through an agri- 
cultural area) and a model describing the course of infection and 
disease in man is nearing completion. 
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Fig. 79. The Reynier Chamber at Dugway Proving Ground is used to 
study BW aerosols under strictly controlled conditions, Animals and 
samplers may be installed in the chamber to sample the aerosol, 
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Original work has been conducted in a new field of aerobiology, 
that is the production, measurement, and effects of biological 
aerosols. Devices have been built to produce aerosols in the 1 to 
5 micron range with very narrow size distributions. 


Radiological - The Chemical Corps has developed new and im- 
proved instruments such as fallout collectors for use in the deter- 
mination of the extent and intensity of fallout (Fig. 80). 


Tests have been conducted which conclusively prove that clouds 
of chemical smoke effectively attenuate thermal radiation effects 
from atomic explosions. 


Preliminary investigations have demonstrated the existence of 
synergistic effects of radiation and chemical agents. This work is 
currently being expanded in coordination with the Surgeon General, 


Special items - materials, methods -- Large area field testing 
of CW and BW munitions have been conducted at Dugway Proving 
Ground which covers about 1, 400 square miles, and represents a 
capital investment of $41, 500,000, 80 miles southwest of Salt Lake, 
Utah. A well-staffed meteorological division is capable of making 
long and short range micro and macro meteorological forecasts. 
The Dugway grids range from 1, 800 sq. ft. to 111/2 miles long, and 
are designed to measure the speed and extent of diffusion of gases 
and aerosols. Agent dispersion tests have been conducted on these 
grids using mechanical samplers, animals, and even human volunteers, 
These tests have provided data used in the design of munitions which 
produce the maximum dispersion of chemical and biological warfare 
agents (Fig. 81). 


R&D Skills 


The Deputy Chief Chemical Officer for Scientific Activities and 
the Assistant Chief Chemical Officer for Planning and Doctrine 
provide general overall direction for the Chemical, Biological, and 
Radiological R&D programs. The U. S. Army Chemical Corps 
Research and Development Command Staff provides the direction 
for each of the agent-munitions systems, as well as defensive materiel 
development. The engineering talent is furnished by the central 
engineering group known as the U. S. Army Chemical Corps Engineering 
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Bees 


Fig. 81. Close Up view of the telemetering cabinet in the base of the D 

8-meter temperature gradient and air temperature mast in an auto- lal 

matic station in the micrometeorological network at Dugway Proving "h 

Ground, Data collected at the remote station are telemetered to a fr 

master station are telemetered to a master station where they are un- 
cooled and punched on UNIVAC cards. 
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Command. The U. S. Army Chemical Corps Engineering Command 
conducts the necessary operations to develop and produce items for 
delivery to the troops. 


Chemical - Research and development work in the chemical 
category amounting to $17. 4 million in FY 1959 is being conducted 
at two locations, Army Chemical Center, Maryland, and Dugway 
Proving Ground, Utah. There are two organizations at Army Chemical 
Genter: The U. S. Army Chemical Warfare Laboratories and the 
U. §. Army Chemical Corps Engineering Command. Approximately 
2,250 people are employed in the Chemical work. 


The Chemical Warfare Laboratories comprises 860,000 sq. ft. 
of laboratory space, supported by administrative and service facilities 
of the Army Chemical Center. Facilities used by the Chemical Warfare 
Laboratories represent a capital investment of $74 million. These 
facilities are located on an area of 2, 750 acres (including test areas). 
Some of the special facilities and equipment are chemical process 
laboratory, wound ballistics facility, dynamic aerosol exposure 
chamber, vapor-phase chromatograph analyzer, infrared spectrometer, 
nuclear magnetic resonance spectrometer, ultraviolet spectrometer, 
ultra-high speed photographic equipment, gassing chambers, and 
high-vacuum evaporating unit. 


The Chemical Corps Engineering Command operates as a central 
engineering agency for the Chemical Corps and supports the research 
and development as well as the production organizations of the Corps. 
They do engineering work on plants and processes, products engineering, 
maintenance engineering, specifications and drawings, basic engineering 
studies, and furnish consulting service for design criteria for necessary 
Chemical Corps construction. This organization comprises 340 
civilians, 60 Enlisted Specialists Professional Personnel, and 24 
Officers. 


Biological - Research and development work in the biological 
category amounting to $18.9 million in FY 1959 is conducted in two 
locations, Ft. Detrick, Maryland, and Dugway Proving Ground, Utah. 
At Ft. Detrick, over 1, 600,000 sq. ft. of laboratory space is supported 
by 1,140,000 sq. ft. of administrative and service facilities, and at 
Dugway Proving Ground there is an additional 37,000 sq. ft. of 
laboratory space. Over 90% of the laboratory facilities are designated 
“hot and the personnel who work in these environments are protected 
from infectious micro-organisms by an extensive system of safe-guards. 
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Approximately 2,400 people are employed in the Biological work. 
The fixed capital investment for laboratories and support facilities 
represents $93 million. The average increase in facilities has been 
$5 million annually over the past 6 years. These include plants for 
large scale production of micro-organisms, greenhouse for investi- 
gation of crop pathogens and chemicals affecting crop growth, a 
1,000, 000 volt X-ray instrument, huge animal holding and breeding 
rooms which can hold thousands of guinea pigs at one time, also 
test chambers, Horton test sphere, and pilot plants including one 
remote controlled BW pilot plant (Fig. 82), 


Radiological - The Chemical Corps has complete laboratory 
facilities for radiological work at both U. S. Army Chemical Warfare 
Laboratories and U. S. Army Chemical Corps Dugway Proving 
Grounds. These laboratories are equipped with sources, hot 
laboratory, hot cells, and filtered exhausts. At Dugway there is a 
complete multi-mega curie capacity hot cell, waste holding facilities, 


and filtered exhausts. Health physics facilities exist at both locations. 


Approximately 80 people are working in the radiological field, and 
the capital investment is $5 million. 


Out-of-House Skills 


The Chemical Corps makes extensive use of approximately 225 
professional consultants in the research and development work 


conducted in the Chemical Corps development laboratories. 


The Chemical Corps has approximately 115 research and develop- 


ment contracts, having a total dollar value of approximately $2, 500, 000 


(FY 59), with both industry and educational institutions. 


OPERATIONAL CAPABILITIES 


Achievements 


The Chemical Corps has the assigned responsibility of disposal 
of radiological wastes. Methods and equipment for efficient waste 
disposal have been developed for this purpose. 


The first radiological safety support unit organized and trained 


specifically to render radiological safety support to AFSWP at both 
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overseas and continental U. S. test sites was established by the 
Chemical Corps. This unit has performed in an outstanding manner 
for the past several years. 


The Chemical Corps has participated in all nuclear tests since 
Operation Ranger, inclusive. This has required the development 
of programs and instrumentation to be integrated into the program 
as well as actual operation in the field. 


Two teams consisting of eight technicians have been trained and 
equipped for the reduction of hazards resulting from dissemination 
of alpha emitting material by an accident not involving a nuclear 
detonation. 


The Chemical Corps has developed portable laboratories, many 
of which were used extensively during WW II at overseas bases. These 
laboratories were equipped to test and identify enemy chemical agents 
and furnish other assistance to military intelligence. 


Skills and Resources 


The first RSSU and the Radiological Operations Division at 
Dugway Proving Ground are all capable of both technical and operational 
performance. These groups have a total of 41 Chemical Corps Officers 
with a 7330 MOS (Nuclear Effects Engineer). 


The U. S. Army Chemical Corps School is located at Fort 
McClellan, Alabama, and serves as a source of science instruction 
in the fields of biology, bacteriology, pathology, cytology, ionizing 
radiation, cosmic rays, and other subjects pertinent to space 
operations. The school faculty is comprised of 19 officers and 
5 civilians. 


Activities of the Chemical Corps are all carried on at five Class 
II installations. These installations are: Army Chemical Center, 
Pine Bluff Arsenal, Rocky Mountain Arsenal, Fort Detrick, and 
Dugway Proving Ground. They occupy 516, 322 acres of land and the 
real estate and production equipment represent an investment of 
$408.3 million. Replacement of these facilities (exclusive of land) 
is estimated at $816. 6 million. 
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The Chemical Corps has four inactive reserve plants held for 
mobilization purposes. These are the Marshall Plant, Niagara Falls 
Chemical Plant, Phosphate Development Works, and Seattle Chemical 
Plant. They occupy 155 acres of land and the combined land and 
improvements represent an investment of $64.6 million. Replacement 
of these facilities (exclusive of land) is estimated at $97. 3 million. 


The Chemical Corps operates procurement offices in New York, 
Chicago, and San Francisco, and conducts supply operations at three 
Army General Depots (Memphis, New Cumberland, and Utah) and 
three Chemical Corps Class II installations (Army Chemical Center, 
Pine Bluff Arsenal, and Rocky Mountain Arsenal). 

CONCLUSIONS 


The U. S. Army Chemical Corps can materially contribute to 
the national space program in the following important fields: 


1. Measurements of beta and gamma and neutron dose and spectrum. 
2. Analyses, both physical and chemical, of planet surfaces. 
3, Evaluation of thermal radiation on probes. 


4. Radiation shielding; determination of requirements and means 
of attenuation and decontamination at manned station. 


5. Nuclear weapons effect data. 


6, Chemical oxygen production for life-sustaining atmosphere 
and atmosphere regeneration. 


7. Toxicity studies of propellants and other chemicals involved 
in the operation. 


8. Shelter and lock systems for the protection of personnel and 
equipment. 


9. Non-electronic signalling devices. 


10. Studies involving low ambient pressure injuries, high velocity 
missile effects, quasi-blast effects on personnel in near vacuum, and 
synergistic injury effects. 
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11. Special weapons. 


12. Closed cycle or partial cycle biological systems for oxygen, 
carbon dioxide, water, waste disposal and food requirements. 


13. Hydroponic nutriculture and animal husbandry to assist in 
man's subsistence. 


14. Decontamination procedures. 


15. Protection and safety studies of man from extraterrestrial] 
biological, chemical and radiological hazards. 


16. The design of CBR laboratory facilities. 


The Chemical Corps can provide the answers to many problems 
which will arise as man reaches into space. 
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